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Introduction of Design of Deep Foundations. 
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Defination of piles. ^Јјјхл 


( U*d»JI J dtJ^JI <xLuJI OLtJ>JI ^ул <X- 4j&L*u| j-iöllfi. (Jlä $ 
4jyUI <LL ^Jl ( pile C ap jjjLJI «uU) JjjLJI ол^У iy> JU».VI Jiıl ^jl^Luü 
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Applications of piles. 


jJjiİsjuo! Ј^лЗј Jl * 


1 — In case of great loads and very weak shallow soil 
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2 — /n case o/ Ыд eccentricity of load. 
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5-In case of deep excavatiorı supportirıg. 
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Classification of piles. 
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* Timber Piles. 


JdJL Jlİüj CiLc-üoS Cili ^Јј j I jl>- ♦ 

■Uurii İJL>> <* *öL>. A. J Lc«0 ^llLssJ J j <јјЛјЈ1 (Jmİ Ij-o (JLİ ^ JLəsJduüü J 

• 4 , з j^fJI oLJI j jj>. j u_w>JI JUx>.l 



timber piles 


* Prestressed Piles. jU^^I «clu «lüL^İ. Јјј!.^ 


O jU (ЈОјХЗЗ (идр* ( jLfe>»VI <ÜLLm> <J>wLcuJ I <jLwijİ>JI <j -0 (jjj I ♦ 

* -ujUJI (JLo»»VIj UJL^u JJ*l İLvuuo 
-UU» (Jjuo j^>Ll<o jlw> o jJsU <^jXw«JI ^>jI^JI <JU» <w>L>. i» jl>Cwü j ♦ 

uplift on water tank 


* Precast Piles. ,^ji ajüL- 


• M 




j^jUJI (jlüo ^jU. Lsülwm LftüL^i |»jj <>JLuoaJI <jLm>jİJI ^јјј I ji» ♦ 

* ^л*ал <j3 jl ^уоЈ\ш> јшЛ* 0 o Jlə* ^ Lo| dili ^ju j <— > jilaaJI 

I» ^ ^^_c. Jüjj V ^ \j ft»o <JI^Jof J fi J J l>wo jI&jIj oJJl>wo CjIx-LLlS (Jjj I jpd I oJUb ii»lj ♦ 


0.4-*0.5rn 




0.4 m 


0.4^0.5rn 

<jjSJI J^İJ 3±> Li^fj ^ «U*? ОЛЈ JjjUJI £İ ј(Д* 


(6) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи n/lntiitn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈМо. o 




jjjUJI JJ JLXİS3 


hummer 



• <JbLw 4 

• jJ^JL (jlSLo (Jlİ (_JLtoJI |*ЈЈ — ^ 

İ2u*}U j £j^İ« j^Sü јиоЈ! jV Jj^jliül <_де <4<ЛмммЈ1 <iL»jsJI Јад*? ojbj jSuU — Г 

«w?,p*j ој ^ 0lp»!jJ! ^јјЈлаЈЈ (Јјј I ■ jJ»JU <J5Ul ajJSjlM — Y* 

* V >уоЈ I <Jb Lu> / i) |l дј>Ј I V_> aJLfr ♦ 


* oJjJLxıo {jjtfkJ £-j jJ 1 İJüJ ^>1 JLftJ 1 jLfij VI 

* o jjU^JI c*lLSijwJI ^Јх- jüjluJI jjJf jjjb 
<јјд»> jl <Lu5lw oLİluJ ~ Ј I j*J I fjs qa £jill 1<1 а ^j^jLcu V dJJJJ 

J-oı^ q^ JjJl <eobJI «l>j1jIäVI c>L».j-J 1 jjSb Jalifc q&u j 

CjU. qaJ I jLuuo (jJx- < JLclcö < jü)I j ч^>> jlüu ojJl>- «UjjJI <Ji>» 1 j cı>L>ö3 

OjjJI |j üUui 




-Y 




/ 


N 


-уут 


-уут 


ттт 


(6) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П P'nu n/lntiitn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈМо. y 


* Cast in place piles. Uil£« ^ ı_i*ü jjj 
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1 - Bored piles ( Replacement piles ) * 
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General steps of bored piles construction. 

jJl>J Jjbj I JuİjlJ «LotfiJ ^Јј»> улЈ 


( j <4bjjJI <jlwÜuJI vll) İJLC-J I ЈһкТ jJləJI - ) 
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ibt -f- ^u-Luu Jb Л г к jaJ I (jS <JLel V XxüJ I Jb JL». <5 ju JİJLC.I |*jj _ Y 

• jl jftUJJl ub^lUöjJI j^bJl j 


• 1>1ыЈј fjLeu^? ^wo jj^>wcJI ^jjUkJI < JLp- 1^ JbJbK.ll <5 jl£» (Jljjl pl) — r 


• <iL^pJI fjs |*јһЈ1ыЛЈ jjjUJI <jUj ( tremie pipe)<Ljb Jljil ^ _£ 

♦bXbJl Oj^MtLo < £w* <jJx- V qA JfjjLəJI 4bLw»J^JI ^ЛЈ —O 

<JiKİj <Moiblx- LcSİj 0 ıj^wUJI <л ој ^* (jl olfrl j-* £wo 1 _дј>ој jg ^Lc-V 

♦ jju&aJ 1 AjbwjiJI 

• (j j j UJ I Jaw JLİ£- jJfcidb (JlLk AJLwjİkJ | uyi ^9 jIjxlxwV! рЈЈ -*\ 
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Supporting of excavation sides. 


u-xygJ 1 Дј$ 1 dUiS j j-ä>> #.IjuI jJlvJI (_лј I y*. jülwİ 

* l ЈЛ I (j-e <_xJL*)f OjLfr «A>-f pİJ^UtfL vLUj ^Jü 


1 - Using 

2- Using 

3- Using 


Casing. 0 >»eäJi 

bentonite slurry. cuij&jı 
ciry boring. <juj! ^ji r hjjL-,ç 


1 - Using casing. 

j^mUAİ I d>JU J l JL I ££*» 'Ал>|) 

LaJb |*jj <g> јдј» <. Laj ul) İJ <X-j_SLo Oj^u)L« j jjc 

*Uji)l jJbJ Uii.b ji)U 51 ll J 32 |*j f ү ^ J^c. <^ı>. VI 


LaJüxb jİl>JI Јл 5 . ji.it Ј^гЈ ojjdMtL«JI jjj Lxpoj jl> j j|j 

• (_j ^LLJ I j^lcJU (JİLp» 

• j £jLo JjjUJI (jlSle <j^Sj ajIaJI ^ 

U-XygJ I ÖJJdw»Lo |ЛЈЈ ^ 0 J^wUJI <Ji>» J £Uİw4lÜI <5übMl ) JI 35 I ^ |AJ 

* b»ojü3 j*uıüU I ^Зј |»jj <_jlvö *b$f j 


bduu 


(Р^ҮсИ сР^ ^ 4 ) öj^äJI Jl^loVI Cili <JU. ^>JI 1Ал |*jl> 

• , JLcJI јаЗ yJ J * (Cjb y*i jjj**» I ya ,» Jl)s1u.oj V ^L>> 
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2-Using bentonite slurry. 


• Q I qA Vjb J_SL»J I (_ЛЈ I JJ>» JLW LJÜJ jŞjuJ I (JjJCoO ^IJL»jLm)I |äIL <*n>. 

Where: 

Bentonite is a day material with very high liquid limit 
Bentonite slurry — Bentonite + Water. 

* *LJI ^ }Ыз j^St 1 jJLc-o (Ј-Јдх^-Ј 
ö bentonite = 1-02 ► / . 05 gm/crn 

jlco <jJlxlL j ^LSJl jt 4 -«l>jjJIj jJl»J! Дји»!' j_İpJ! "m jjluJI ^jL» ^ 

^JteJL j *LcJI jj-o Jiö! јл tfjJl Сш jjjuJL чЗаХо öjJl»JI ^jSÜ» jJ^JI Д gm I 

}U. 4ujüL»JI ^Ј! öjJl>Jİ ^уо ^JLJLs (_>j-wüiJ I ^JLc- ojjüül «U <ј^5з 

^Lu«» ^Лс- Jl^ül 4 *L£ıX^T (J-clCo j .Lwjuo JLuüj <JLc^>- Lo* <jjILİ I CjLc-jJ 

( ATuci cacfc -> 

• jJlpJI (_ju I jj>> jLjaİİ ^£9» jf OjJ^JI (jJ I А_д_3 j->J I oü-eJt <_j j^oj £juu Lclo 
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O^..— Water Pressure 
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ö w *h 


— bentonite pressure 
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uLuj jpn J I £yo fjs*. JjJalS <ј jLc- чЈҺјЈој J) ^ j L» J I ^гл1мЈЗ ; j l^j I ^jl> dU j Jlco j|ç 

* <5ül£JJ J-xill I < -aju*u ojJlpJİ JiJj 

^SjjLoJI Jj-Ld ^ j 31з <jJx. 1' qa <jLw«jSJI < ^jL> ijc 

м • ••» II » 

• <_ПЈ JJUJU I qS> 

СЈШ jfxx jJ 1 (jJLlL V «OLwjİkJI t_JL*£? *lftüDİ JLCO <i! Jo9>V ^ 

Mvid cake} ^ A£*J\ 

* Cxp^JLuJI ^ЈХ- jOJfcl Q*c 

* Јјј^л diıSı^vı <-9jLL» <>cJj MvlĞj cake 


м « и* II | • _ | ♦ 
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Ö 


o 
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- Using dry boring. <JUJl ji^Jl 


* Сх£ј2шЈ1 Jİ *Syu» jilSsJI <_JU I ЈСы Jü jJlpJt |*JJ uu> з|с 

t 4 Jl^^fl V JjJLj fjüb 

* jJss^aJI jf dULüJI JüJluJI (joJLJI < I JLp* tJLpSJl ^J^JI Jlo ЧјјЈ Чјјј jJl>JI — 1 

♦ *Lo Ujj^ule ı» JL£- - Y 

• ^ jLc. Cj I jj-LıisJ I <_ıib |*jj <JUJI jJl>JI JU5LJ jlc^ j ^ 

» ^ulwjgJI JL) JL?» <Sül£> <J Ijil • 

* ‘OLmJjİkJI UL hO • 

• ji>J I Jjj 1^ Cj Ijoxue p* I 1ул 
♦ t&J ^ l Су° I Ltjuuj <^u>>jJl ajüStü! • 

L up to (бО 971 — ► 60 971 ) ,Л ^ ÖJ ^ • 

гф to 1 .50 971 

• ( Ј^) <*jSJI ı}y^ %***- ^ • 

* АјјЫ* VA^ (> 

* (3 Уј 1>»JJ öjjjS^ jlx^t j^>> j ^we I jl>. Alı Igu jjJüüJ! CjV jlcwo • 
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* Cast in place piles. Uil£« ^ i_a*ü Јјј 


-2 Driven Pilet ( Displacement piles ) 

jaJI * 

<%>1» «Jilöi-VI ü$J j ( ji»JI tjjijlj»-) jJjUJI İJu» sAi ♦ 

• <> jjjUJI J&* 

jjüno pÜo 3 4 '4 J r. л <ј1ај C# 1^3 4Xj^ 4 Oj^ıutLc |» İJ^Uri 1 |hU < з|с 

♦ l.ftjJc- JjJI JljlC- ( J_Lwo <jjILİ I <».|jl <jı9 aJLLcmo Leo ji 


| Zero — >kJi ("^1 


JaaJI <^J! ‘UjüJI «jLLc. Jl O j^wLJİ <јЈх- JjJI jaL+V • 

| 4jjjJI JİjSİ.1 fjlc Jlc-Luoj ojjmiLJI <ј1лј i jj cjuJuJI t jj»JI Jjl <Jo»»^jLo Çvt ) <-j JİLJI 

-—^casing jjJI ^ u-»^iLaJI j^cJl I J^^Jt • 

^јх. < Jd»gLSi> ^Һ»* v_u jlcJ I *jj>J I <jJLc. jüJuoJI 
• öj^wLJ! Q* cS 4 ^ j ojjjl*jL<JI 

pa/rt 

qjo I < \^i ja!L dili JL &j |*J > .LcöJ I JbJL>> <Sjl£> Jljil ^jb • 

• Tremie ргре Jl J}U 



• <jji)i jUs v ^ casing oj>-»uji ^jjJuJü AJjLwjİkJ I <_д *bu) • 

J£u*> <ÜbL*JI <j-« <, > jJL I ,*Jİ»Jiuuj V c-^pJI İJu» 4Ј>1 -Јаз» V şfc 

jjjUJi j^u*4j Uyya Vn ccLsing <jV jİaJI ^i>>- 


• 4jLw)^pJ I 


Лсо LläJj Jl> feijj dJLİjJ 

• M • «V C V 
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hamrner 
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• jjJI <> 

* JLLİAjJ I J ı \ Cı<0 ^ 

j JjjUJL 4 -Lp^JI «Ujüil di*j J-clt- <^JI ^јЈј jjJI - У 
* ı*— ap- <jJ-c. «lJLc dJl5üip»l A-o^LLo dili <j-c- ^јјј j <jjüJI oJla < j^?I 

• (Äjj 1 ^- VAJ* ı*"® 1 <> 

. iiKil l 

• 0jjLas«eJI Cj l ллаЈ Lj j ij+a f v1»^Jl»> <^JI JfjJI aJLox. <јл- Ч_ро1јЈ I Cj I j I jüub V I ^ЈјЗ — V 




Jlxİju lfex*o ^јЈј^а» JjJI jjx- ^jhJI vlLojJI <јЛ. <Ј>оЫ <jjäJ I < <л!«х- — Г 

♦ 0 Л £ Ј \ ^ј-јЈ j (lİİjJö VI ^1 JöUüj ^в) {^C-0 <_AU j2j Jjjl^iJI 



IjJsu <jjU I <jjILİ I <JU- ( jl$ JjjljlJI qjo <л£-јјЈ1 öJLä pJUaj V — & 

oJla јј.^Јз I j.iut <JUJI oJLft ^jJI ^ V jf l tıı 9 ^jJI 

* (3 jj 1->JJ <iJl5cı»>VI <«ojÜlo Jiis <jjiül 

• ojj x^J I jLc^VI <JU- (j jj l :«J I qa ^јУ! Ul& ^dL^u V - O 

L J> (l 2 m —*■ 20 m 


(У) ф 4> o.eo m 
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Deep Foundations. 

Page No. 24 


* Cast in place piles. Uil£« <^Ј ı_ı*ü 

3-Continuous Flight auger piles. ( CFA piles) 

Äji^ı (> t ^ 1 |Јл * 

Serni bored — Serni driven piles. 

o J^>U (jX- OjLlc- ıjA j i J^jüJf Ju İ Y) 4 ^ö\_>. «UjS'U i» I JLtsILm} I |*IL nj» з|с 
o j^UJI Jjis» ^јЈх. ч_јјЈ ч-ајјј LfcjJx i_slL j L^jjLaj ajJö cı> I j oju^S” 


Inner Tremie Pipe 


Ј-ахЗ <jlLJ 1 C» U OjJdUüLaJI LclIU <JjjJ I ( j - 0 *JJX jA>. <jJx <А>Ј^дЈ ! (J-CLCJ LU> ə|c 

* *Чј-^ u - ® j-^ t^-Lx 

• иДе j 
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Steps of CFA рИе construction. 


Ј-лг- Tjlü ^151« ‘OoS^LJI ЈИр! ^ ^ 

Ј-Слј i nf . y^ ) Jİ—V 4-1 *Лј Jwo (<Ujlll <^İ g-Laib «UüjjJ! ) 4-jjIjjJ 

. JJlw V АјјЗЈ! jj AjlLJ I Cj 13 ojjm»L<JI 

* «^jlLaJI < Ј-«хЈ! <jJi J уыо jJ I (^uL>> { j£ ‘CuS'LcJI jaLİ) — V 

* öj_L>J I (J^Ij cJljU <±£LJ I j <jlLJI : ^lsg — Y* 

-u^^ji oj^uı jiwb Tremie Pipe JüU- <> *oLu>ji ^ & -t 

' сД**Л o* *oL«»^aJI |»jj ^JhJL j 

J_İ>JI ^pljU <JL«L»wO A-OJjjJI (jjJLw* 0JjJüJÜ AjuS'UI < jjli tjÜÜ — 0 

• <ј LwJ jJ>J jIjXlLw>VI £-0 

jjjUJl ^151» ^1Ддд jjjUJl ^jUk J-elSJb öj^LJI j a-o^jJI — Ч 

• <jLw>J^Jb ^Ло 

Ju JlpJI Јзјј j LteJbUgu jJjlS Ax-j^ju <jLu»j^JI Ju JL>J I <5ülm> Jljil |*IL) Y 

. jl^A jf «ujj jjSb Cx>3 


jJl>JI V_JU I ^». JlXm) 


jJl>JI (_ лј I üjlwJ w jJL.. f |»jl»oauj V Jjjj I I ^уо Ijla чј! • 

јЈЗЗ (3^jU*JI r Uo3 «j-iUL UJ «L«üjj -j- Ojj^uLo ) AjuS'LoJ) <jV dJJi ^ 

* JuJU <л5\Ј 1 u»>wl J *GLwjİ>JI <jİL>. jib>J} (_JU I ЛЈи*ЛЈ Läu-oİjU 
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vibrator 
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Deep Foundations. 

Pag e No. 2 7 





* İJLx <CoL& 


• ^јјЈ! cjLLlL? ч r . n i o cjluo». u. Driven — bored jb*ieo ^ • 

: ( j\ c, a ) 

JjjljiJI JbJü3 (— » ^JLLuJI <jjILİ I vj-LaJ <j ji> Ч -LlL? £j Jl>- I jj Ш <it 

UJüİjj <јјх^дЈ dili j DirİVBTl V <j 

bored >>Ji <&>i^ г л^л*-з ^ ^ 




Soft clay 



Hard clay 



Sand 


+--IF hard lay er exists 


Use bored pile 


* Hard layers — 


Very stiff clay ( Silt ) 

stiff clay ( Silt ) 

Very dense sand 

Rock 
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Determination of suitable R.C pile type. 


according to problem conditions. 


• <JS^juJ! Icjü (Denriven or Bored) jujlxj 



Problem Conditions 

Suitable R.C pile type 

1 

Square piles 

Driven only 

2 

Circular piles 

Driven or Bored 

3 

Precast piles 

Driven only 

4 

Cast in place piles 

Driven or Bored 

5 

Pile diameter is mor e than 
60 cm {large diameter pile) 

Bored only 

6 

Adjacent buildings exist 
beside the site 

Bored only 

7 

The soil profile incorporates 
a hard layer 

<јјЗ <jy)\ ^ЛЈаЗ 

Bored only 
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• 4^ч1мдхЈ1 <jl>Lj jiJS jjU- I jäJ I c>L>U 


<j94jLa«cJ I 4_pLw*ji»JI JjJJ I ^J»J I Q* 4JLLJI ч J jj V I Q^o gjj (jl Ju 5Ји *L&1>I JlCj $ 

<jJLa**t |JjLc3 <İLw*aj jjLlJ ! 4мо1д ) (j j j UJ A_> I Ju qjo #jj>» J£~& (> Oü V 


Jjbjl^J! dJLft (jJ-C- (J^LƏsjJ jJtJL) J < )yT) <_d JdM> (jüJ I ^Јх1м>иЈ I I oJlc-LUI 


(jıi ( Ji*Jb ^5Ј #■ jj>J I İJüb jjıi Jb Jb>. 1_&£иГ <jjISLoV dJJJ j $ 

* <j>wLuJI oJx-üül 


A.-»'V; « <jJx dJJj ^.У J 


C-5.^S1) <Jjll I рЈам» ^ј-О Ч_Рч1ммЈ1 OJLC-ÜÜI <jUo J jLcJ <İLu4«0 jJl>. |*1) — ^ 

. ajImuJI ojl jt jjjUJ! 


( ju јлм>5д ) <j>oJLü 3 Jb jl>> cJl oSI) (jjjlixJL) <ji> Lwo j. » J ! »LLaxJ I јл. м*5з ^ı> У 


^jUJJ qx^' ) |»ı> — 


<_$ jj5L<JI I ^-o l g> jhlVn j jamiS 3 |*i) ^ 


öJLfrUJI ^UdLmJb Jb Jb». {J0J J <ЈЫ»Ј 1 CJlJİ < J-0X- |*1) — 0 


oJlcAjJ! <jLm) jj* \ \>/x |*1) 
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Deep Foundations. 

Page No. 31 


Load transfer From pile to soil. 


• -OjiU JjjUJI <> J«JI JL 33 İİ 


• <J£J^ i>* (jjjjUJ y* A-wıfjJI JLas. 5 JijjS ♦ 

f 


1- End bearing. 

4jj3 fjİ£. jjjjliJI jlSjjl _jj» j 

( <a.Lo« ıfl * јјјј j ) 

2- Side Friction. 



Ш 


\ 

l 

[ — - side 
f Friction 

\ 

End bearing 


( Skin Friction & Shear resistance & shaft resistance) 

jfjjUJI |в— (jjjj j Läjİ ^ ^jüUJI <lll5ä».VI jU^I ^ 

* AjktuuJI (jJx. j 


<l«Ia <Jö j^JLo 

: <> -ujill ,>1! j^jUJI <> Jt^^l j 3 

1 - End bearing only (End bearing pile) 

2- Side Friction only (Friction pile ) 

3— End bearing + Side Friction. 
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Normal Force diagrams during load transfer. 


1- For Friction pile. 


N.F.D 

on 

soil 



«juüUJI dJlSİl*» VI j J Зт> > H 5 


L*JLj 


N.F.D 

on 

pile 


zero bearing 


2- For end bearing pile. 



• jl£>jVL JIüj «US - J-uJI * 


uniforrn N.F.D on soil 


3 - Ғог bearing - Friction pile. 


♦ LjIj jlSbjVU Ј-&1> ^ Vjf cJlSLvVb Ј-аг>Ј1 ^ py* sfc 


= bearing 
Q F = Friction 


P = Qf+ Qh 


P 



N.F.D 


on 

pile 
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Slip Surfaces in case of piles. 


• J y* «Ujill jUaİİ JlSliT 


• According to Terzaghi. 



• Failure at pile tip. 

• For end bearing pile 



• Local Failure 

• For Friction piles and 
bearing - Fraction pile 
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Pile capacity ( Q all ) 


J-a . >3 ojjJ 


^Lotj l JL JbvIjJl 1*1 > »И JLm) ^ O jjSt ^Jb 


Pile capacity (Q all) 9 

Is the шахггпигп saf e aocial Force ( compression or tension) 
can be carried safely by a single pile. 


Methods of pile capacity determination. 

* öjd3 JüOä>o Jjia 

1 - Structural Formula. 

2 - Statical Formula. 

3 - Pile capacity and pile settlement For large 
diameter bored piles. 

4 - Dynamic Formula. 

5- Field tests. (S.P.T - C.P.T- Pile load test) 
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Methods of pile capacity determination. 


1-Pile capacity From structural Formula . 

OjJ lS qj» (j jj U J I Oj Jl5 |*j 4J bj iaJI oJLfe ^ 

• JLl JI j Jo£^J! (jıi Lwo I JjjUJI £ LLaJ 

* jLcj>t CulS Laa^o Jjjj I j->J I ^JU. L«sIj ajüjJoJI oJLft ( JaLu ^ 

CL-In case of Compression pile. 


QalKpile) — A pii e * F Co 


Where: Q a ll(pile) — (illowable compression load per single pile. 
A pii e = cross sectional a rea of pile. 

A рИе = d IP® ^ 


АрИе — Д- d 



/^ 0 — (mat c ompressive strength of concrete. 


d 


= 4.0 


5. 0 N/mrn 


b-In case of Tension pile. 

T a ıı{pile) = Tl *A 0 *-/*§■ 

Wheve: ^allipile) — attowabte tension load per single pile. 

Yl — number o/ R.F.T. bars. 

A 0 јгг ^u*ajı ajxLmx* 0 — A s ) 

= ISO N/mrn 2 For <ff> Fy=360 N/mrn 2 
= 140 N/mrn 2 For 0 Fy=240 N/mrn 2 
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Example. 


For the shown pile cap if the total column load is 2000 KN 
deterrrıine the pile diameter if F Co = 4.50 N/rarrı 



Solution. 

• The used No. of piles — 4 piles 

• P col = 2000 KN o.w. pile cap 

Load per pile = ^ 15*2000 __ şyş ^ 

4 

• • Qall(pile) — 575 = Apile*Fco 

575*1 0 3 =^ d% 4.5 — d .= 403 mm 

ч- pile 

I Pile diameter = 450 mm 
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Methods of pile capacity determination. 


2- Statical Formula, 

— м ич/ 


For Bor ed or Driven piles. 
Forpiles diameter < 60 cm 


777 i 

1 

1 


i 

1 1 

t 


r 

777 



f P 1 

r s 




[ 

* 

/ 

> 


t 

/ 

I 


İHİ 

\ 

\ 

\J/ 


local shear 
Failure 


jjjUJI ajjjJI jLiAit JSuS» 

(^aSl I P ЈлаЈ1 Jj-yöj л*>». 


: Culmjl^ I J>>- чјј 1)1 jLa*I j£» <> * 

/ — Bearing. ^ jlSbjl 

2—Side Friction. — — dJliu! 

^aSU |»jLL IJlä (jli P J j j UJ I Joy£j LoJllc. $ 

jIa^I j jj U>J I Qult jUaj V! Jjls «UjjlU J-cJ Jj 

^jüLx dJl5Üı>>t j 15 l>jI 


: uA)» Q u {£tf>*aÄjl (JjjliJI OjlÄ* y^Sj |> 11 јЈ 1 ј J ♦ 

Q b jiSijVi ^ Јиз^, -1 



(V is the bearing capacity 

of soil below the pile base 
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Qs~Fs*Aaide 


^JüL>JI dJlSİLxV) 0 'jJ (jJlz . \»0*İ f.J *JJ>» — Y 
where F s = Side Friction resistance 



JjjUJI <-ojlLo ,ј^5з j 


Where : Q uU =r Ultimate pile capacity. 

— Bearing resistance Force. 

Q s — Side Friction resistance Force . 


• • 




Ғ. 0. s*. 


Where : U = allowable pile capacity 

"ail 

F.O.S — Factor of safety 

— 3.0 Ј1л>. V! <JU. 

D. L ~Һ L, L 

- 3.50 <JL>. 


- 2.0 Jj^i jı~ı <JU ^ 



ıLbOd» (Jl 9 j 



* W 3 0 > 3jL,<L ^ (>Lfc 
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CL-For ( C - soil) 


C=ss 

0 = Zero 




jjj 



Quu = Q b +£t 

) 

'S 

A 


QuU - %' A i 

+ F s * A s 



Лј 


Where : A 5 — олгеа of pile base. 

— d? For circular pile 


— d? For square pile 



= area of pile sides. 


- П dL 
= 4 dL 


- For circular pile 

- For square pile 


*(J h =C*N c while N c =9.0 



* F s = C a = adhesion strength of soil . 

/ 00 kN/rn 

^jj> 10 t/m 2 

1.0 Kg/m 2 



Where : |Q< = 


0.35 1 


For bor ed piles 


°< <1о4Г ss 


For driven piles 
From table (4—4) 


C Јј^ <> 

soil 
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b-For ( 0-soil ) 


Q ult = Qb+Q s 

Q ult = q b* A b +Fs*As 


0 — S 
C = Zero 


Where : 



* Ч. = Effective stress at pile tip. 

^Је 1м) qa <_j I J b (j jj UJ 4_>1ла Julc- «ÜLcJLİI Cj I jLblə» VI 

Nq — From table (4—5) 

N q cuS jjləo Uio j 0 d 

0 so ii (> ^ 0 J 

For driven piles 




/т< 4 __ $soil + 40 
* 2 


0 ' 

* 



sf 

sf 

N q 




s 

s 



For bored piles 


— Kjjq ♦ O ♦ tan 5 


While : K Hc is the Coefficient of earth pressure on pile 

in case of compression loading. 

From table 4—6 ^ 




* 8 
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* Q 4 — effective stress at the middle of pile length 
subjected to the soil Friction. 



0=6 * L/2 
j eff 


C -For (C— 0 soil) 


Quu = Qh+Q s 

Q uU = %*Аһ +Fs*A s 


ç5=Zero 


Where : 


* 


Qb= C * N c + Q * Nq 





Јлм J Le5* <xlx3 J* < 
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• Lfc £j Ua^^JLo 






soil ф 


soii ф 


soii (2) 


<3jlL> <j-» jjSt JjjUJI ^Lp-VI | aJo£^e <>$ — \ 

: il» j 

ЈаДЗ A_LlLs ÄJLəo j15Ü>jVI ♦ 


Q b ‘ ss 


soii® 


ul LJa 1 (jı$ uJbo ^jüUJI dJlSİL^VI ♦ 


•• ®S 1 + ^S 2 + ®S 3 


Lfej <jjill uU ^јд>4 (j-e Q uL*» ç 2 j j 

■ «s* 



Q = Qu+ ( Q + Q + Q 

H Ult H b V 4 s/ H S 2 H S 3 ' 



V bjli 0 jt (7 <>• <ijJe <JL»- ^ — Y 

. JjjUJI ^с. vJlSw.l «Jİ jip 
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(t-l) Н*Ј Јј^ 


4J < j*n V> Ajjj ^јЈ ol£uJI *L>.lj Jjjj I y* <JU JLaLİ^U AjuüIjlJI 


( с a ) 

1 jfUoLİVI jU^I 
kN/m 2 

<iLUUI (с) 

kN/m 2 


& 

jjjUJI 

>r,o - 
r l - W ,0 
rv ,0 - XI 

ıv,o - ГҮ ,0 
10 - IV, 0 

1Y,0- jJuö 

ro - )Г ,0 
0 - - ro 

V* - 0* 
У- - V- 

• M 

cLLjLolLİI J Лыл jILo 
cLLjLolLo 

dJUUiJI jüJl İ» 
•• 

A • 

• 

«oLwjjS. 

W,0 - jJu^ 

rr - 1 Г ,0 
ro - ҮГ 

n - ro 

U,0- jJuö 

ro - 1 Г ,0 
0 - - ro 
V* - 0* 
r- - V- 

• M 

— 

cLLüUl) 1 Јом> jILo 

i ^ £ 

dLoLüJI 

«• 

♦ 
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(o-i) Јј^ 


<jjlj f^S j (Nq) «ј^ Jolc- ^ aJ^UJI 

• CjLojl>JI < 51 ј 1 ш јлҺ <^јјЈ (0 ) (a £İ>JjJ) 


i. 

ro 

r. 

YO 

üU jjJb 0 

10 - 

YO 

r. 

10 

Nq 


(n-t) Г 3 - 1 


(к нт ) , (К нс ) ^ 


К Н т 

Кнс 

jjjUJI t y 

.,0 - .,r 

o 

♦ 

1 

♦ 

♦ 

ff Jj JjjU 

V* - 



1,r - 1,.. 

r,. - 1,0 

• JLUaJI 

•Л - -,r 


• c>l$LaiJ! Jfjjl . 


> 

♦ 

1 

o 

• 11 Jjjl» 

(ji. -л- <> Jäf >5 ) 
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Example. 


— For the shown soil profile , Find out the maximum allowable 
compression load For a square pile [ 400 rnm x 400 rnm 

— IF the pile will be a bored pile of diameter {500 mm 
Calculate the allowable pile capacity if seisrrıic is considered in loading. 
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Solution. 


A- From structural Formula. 


1-In case of square pile ( 400 mm X 400rnm 


Q all(pile) =A 


pile* 



= ( 400 x 400) * 5.0 = 800000 N 

= 800 kN 


= 80 ton 


2-In case of bored circular pile ( d= 500 mm) 


Q all(pile) — A 


ғ - 

J. Пп 


п 


pile * J- co ~ 



= ( f 


x 500 * 5.0 = 


981747 N 
981 kN 


= 98 ton 
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B-From statical Formula. 


1-In case of square pile (400mm x 400mm) 


The pile is Driven pile. 


Q = Qu+ Q + Q + Q ) 

^иы 45 b \ 4 s/ ч S2 


Q b =ı b *A b 


in sand layer 
0 - soil 


Л А һ =0.4*0.4=0. 

q h = q*N g 


16 m' 



q=1.60* 1.50+0.75 * 5+ 0.90* 4+ 0.82*2=11.39*/™ 
Nq — ► From table (4—5) at 0 = 33 + 40 _ gg ç 

N q = 97.5 

Q b = 11.39 * 97.5 *(0.16) = 177.7 ton 

Qsi — (К Нс *С* tan 5 + C a * Ası — ► in C - 0 soil 

Where: Ası = 4*0.4*5m = 8rrf 

. — aJLLJI liı ıjs (dl5s»»¥l ulı u^UJI Јј У1 


at 


• W M ww 

C Soil — 7.0 t/rrı=1 o kN/m 2 ( Driven 


Soil 

Л From table (4—4) 
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& = 1.60* 1.50+0.75*2.5 = 4.3 t/m 2 

<JLlLJI 

Q Si = 1 *4.3*tan (£- *20) +1 *8= 17.22 ton 

* Q S2 = F S *A S2 — ► in C-SOİI 
Asz =4* 0.4 * 4= 6.4 m 2 

F _ r 

r S ~ u a 

at C = 5 t/rn = 50 kN/ra 

From table (4—4) — ► Ca, — 37.5 kN/rn 

= 3.75 t/rn 2 

;. Q s2 = 3.75*6.4 = 24 ton 

Q s3 = F s * — ► in ф - soil 

A S3 = 4 * 0.4 * 2 = 3.2 rrı 
Fg = K Hc * C * tan 5 

= 1* 1 .6*1 .5+0.75*5+0.9*4+ 0.82* 1 m *tan(^-*33) 
= 4.87 t/rn 2 

Qs3 = 4.87 * 3.2 — 15.6 ton 
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• • 


Qall~ 


Q = Qu+ (Q + Q + Q ) 

H Ult \^st H S2 H S3' 

= 177.7+ 17.22+24+15.6 ] =234.5 ton 

Q, 


— = 234 5 =78. 17 KQ =80 ton 
F.O.S 3 н aU 


structural Formula 


take 
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2— In case of bored circular pile ( d=0.50 mm) 


'• Quu = Qb + Qsı + Q S2 + Qss) 

Q b =4 b *A b — 

•*• A b =^d 2 

-{Flx 0.5 ) =0.196 m 2 


in sand layer 
0 - soil 


<?h - q*Nq 




1 

1.50 


t 1 

5.00 


t 

4.00 

i 

С!а У 

2.00 

Г Т 

Г Q Sand 

Q b 


<1=1.60* 1.50 + 0.75 * 5+ 0.90* 4 + 0.82* 2= 11.39 t/rn 
Nq — *- From table (4-5) at 0 = 33 — 3 = 30° 
Nq = 30 

Q b = 11.39 * 30* (0.1 96) =66. 97 ton 


Q Si = Fsı *Ası=(K gc *o' * tan b + C a ) * Asi — *■ in C— 0 soil 
Where: Ası= *0.5*5rn= 7.85 rri 

\ <LUI .Л» *А. ДјЫ1 JjUI 

F S ı=(K Bc *G*tanb + Ca) bored, pile 

C a - Cx * Csoil-0.35* 1.0 =0.35 t/rn 
К Ис = 1.0 & = 1.60 * 1.50 +0.75* 2.5 = 4.3 t/m* 

.’.Qsı= ш 1 *4.3*tan (Ј^- *2Ö) + 1 m * 7.85 = 16.90 ton 
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* in C - soil 


* Qs2 = ^S2 * A S2 

A S2 — *0.5 * 4 — 6.28 пх г bored pile 

F S2 = C a =CX * C soil = 0.35*5.0 = 1.75 t/rn 

Л 1.75*6.28= 11.0 ton 

Q s3 = F S3 * ^4 53 in 0 - seni 

^ 4 53 = * 0.5 * 2 = 3.14 rn 2 

F S3 = K Hc * CT * tan 5 

•=/* 1.6* 1 .5+0.75*5+0.9*4+ 0.82* /_ *<an *33) 
= 4.87 t/m 2 

Q S3 = 3.14*4.87= 15.3 ton 


^») 

= 66.97+ 16.9 + 1 1 + 15. З ш = 1 10.17 ton 

q - u= ^s =,J V 2= 55 085 < <?„,r Sfi <»« 

structural Formula 
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Пғш 

u 


ттт 


IQ 


Sı 


Fili 

Оғш 

h t 


\Q 


s k 


0 — soil 


r« 


•Ss 


C— soil 


\q 


0 — soil 

S4 — 


• <*oL& £j[ ^jLo 

0 — SOİl j-w №1 — \ 

<3jL^ <-M J £*> G. W. T,ı£*y?^ 'bJI J 


Jhöı 

I*jj <JLlLJ 1 oJuaJ 

Q ş <_jLujk»> «All C- <İÜ 

hsüz 


* ^ 


* 

above G.W.T. 

h 4 Ö3 

^ SI 


Q — ► 

under G. W. T. 


JjLLJI JtUl ^ 


u? 


Q SJ = K m ö p h F + ö,.* ^-']tan8*7Crf* ht 


CT a t G,L of hi 
above G.W.T. 


Q ^S2 ~~ ^Нс + ^1b* ® 1§ub : * ~2 ^ ^ аГ1 ^ ^ 

L т J 

Ч I 


ч I 

CT a t G.L of Һг 
under G. W. T. 


Fili 


Qs, 1 

C-soil 

— 

Qs 2 1 

0 - soil 

JQ b 


4JLlL? ^Jb <^İ^>JI ,LJ I <_> Ј^лјио ^15 lil У 

C-soil 

U^Mtäi qj Jü «ÜülLJI oJübJ IJl>» ^jLc- <— xma. 00 bili 

• ÜbJaJI Ji*b 0 Qjy j£> vİ^I JLalfJ V UiV 
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• <*oLb 4J0 


Le J ljlC- «LjLİ ЧјјаЈ I ÇjÜbJg < j-o <Х- < Ji». İJ Jjjjli*» JlLoj LoJllC. % 
ö( UU» 5 0 (j-C- (Ј-Зз V <JLmM AİLlUI öJLÄ ^jjLpO ^1 l_JL90 AJbid yf! ^9 

JjjUJI јЈлз 


<jf «_aoo JjÜUI J5İSJI <jJ ^ИаЗ 

Ls <3d 



d rrr 

v Л soii / 

4sı 


Q 


S2 


soil 2 


\ П soil 3 
4S3 

C - soil 
or ф - soil 

k or C-0- soii 


• i/ 1 Z 5 <3 d 

Neglect the Friction of soil 3 

• Q = Q + Q + Q 

• * ^Ult J b H Sf н S2 

From soil 3 
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Statical Formula For pile subjected to tension. 



jiuJI ^üL <üli jlw ojjJ (jjpjxJ *UL>. fjJ 

• < o*' 

Q S ^jüL>> (jJx- dJl5ÜL>»^l AmojÜLo о^з — ^ 

o.u>. оЗј - Y 



Where : Q=F**A 


f 


1 


к= 


in C — 0 seni in 0 — soil in C- soil 

(К дт * CJ * icm 8+ Ca) Ғ§ — K Wf * & * tan 8 ~ 


5 

/ 

From table (4-6) 



fjS Jjbu) US* 

Јо£*оЈ1 «ULs*. 


*<_Lb ^ 9 sjU 

♦jjUt Ј-»1л*о <J }U CajLj jÜÜLo jjİco JjjUJ! (jjj 


Q 


T - ^ ^ + o w 

±al1 F.o.s +u - rv • 
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Negative skin Friction. 


Ah\_ 

Settlement 


ı 


[ 

ı 


Soft clay 


Q 


S2 


т 


N П Very dense 
sarıd 


CiÜhJaJI (j^ 5 İ 3 Lo J llc- $ 

İJL». aJülL^O <JjJ JjjlisJL) 

• Soft clay 

<јјЗ <јјЗ jjjUJI ^İİJ Uuj 

• Very dense sandJ^ 

IaL^sJ <јјјЈ! ıjlsjx jl> LoJllc- ijc 


^Лс- Ј1 »јјј Laof < fljfcyiJİ <JüJaJf jt^Lc^ajl J&Julc. ul> JL>o <jld % 

♦ J д^» 

jf actİ /ОП ^b>gu aJLlLJI öJla <jx- ^IjJI ^ dJl5iı>.VI (jJljJU j 

. Ч-« jÜL» ^ ^Ic. ^Uöl 

JJjjÜkJI ^Јх- AJLxX^aJi aJLlLJI oJlä ^Х- ^pbJI ^хиод dJUJJ 

• ( — Ve Skin Friction ) ^јс-л 4iSs*.*W 


üj& j 



in case of compression 
loading on pile. 


And, 



Qb + Qsi 

F. 0. S. 
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•A^oLa Cj Ua>» ^JLo 


! 


Q 


Sand 


S3 


Soft day aJLlL? Ј*>Ј1 o-° aJLlL» <JL>. 

U \ JS ^ j ■ \% f d \ 1 Q 

ojSIj <^JtilL j Ia^İco <^ill J-#>M «lSjlL? 1дх^> 
* cKPI j О^аЛ <> — Ғе sfcin Fricüon 


/j S'o/t ciay 

! 4s!2 




П Sand 

Ч 


sı 


т 


Q, 






Qss™ 1 sarı d Ufhere 


—Ve skin Fridion = Fg 3 * A 


S3 



For piles under Friction. 

Ltü aJLlL? jl>> јЗ j juaU «J I JjjI^J! «UL*, 

V «üülLJI oJub < j«o v1J15lI>>VI o jj — 5 '2 S »F» 

rp _ л pı w ^>*P 

7 t/w“ 4 S 3 + u ' n ' 



Q 

F.O.S 


+ 0.W. 
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How to reduce the effect of — Ve skin Friction. 


1 -By pre-loading. ЈлллјЈ! 


Fili ı*A> ‘ЧР ‘Чј 111 ı> - 

Juİjj Jj 3 dili J 

Ul* ЛЈ1 j <jjüJ I _Lj јлл dili (J<o f.j — 

Sand drains JiU. <> Consolidation 

lil j «UjlkJI j I j->J I i» i» jllc- ^JbJb j — 

J-*». J j 


X 

1 r w 

JK 

L, 

1 м r 

л 

Sand — *- 
drains 

»uı 

dHT # 5 
*% * 
l*w :.4 
lv-V- 

vV-:* 

гг«Н? 

So/t clay 


A^ajj JJLL Lcl>o İJLx jjK/> gJjXJI 

— Ke Skin Friction dJl^ul 


2-Using bored piles. 


^JbJb j ^ил dJi^L>.vı (jüLc- bored л jl>j i^ji јш v 


-Using bitumen. 


♦UJL — Ғе S.F.j£ Јд> 


I dJlS^VI јј31з < JJUj ^ЈЛ jjojJLj jJl>J 1 «_jjIjj»> (jLfe j |*IL *n» 

♦^jjliJI ^Јх- jjjIj <J ^ј-соЈ (jjSİ — Vb S*F» d> jl>> lil ^jJIilIIj j <-oLt 

4 -Using wide end. 


ттштт 


• JiJ qx <XumjlLo <_)Laaj (J j j UJ I i-1 9.У> |»jj du 

Q b ^ dUiS' j ^4 base ^ 

Ç) (Jlİ djLəJI 1 
^ult 

-Ve S.F. ч 


.Fnd bearing 


(6) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи n/lnti/tn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 5o 


5-Using double casing. 


< -ДЈч**» Jllc- «jJIüJL j , I JLiİüj Jülc- jjj-9 ^LLj öjj-wjLo i» I JLƏsILm» I £ Lp» 

jlcjj L «u« <j јДЈ j (j jj L»J I jjoj ^Jj-d ılJliA (jjSj JjjUJI jij.ii) jlco oj^m«L«J! 

•jjjUJI ^ LoLcö dJISiuVI jj5b 



/ 


t 1 ^ 

İVo Friction 


double 

casing 



Soft c lay 


Sand 
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Methods of pile capacity determination. 


3— Dynamic load test ( Dynamic Formula) • 



gJjxJI oJllİ-u ( jJLc- (JJ jLöi. I ^Ј-оХ- <jJx. AJbjJLaJ I oJufe JLolfcJ ^ 

A'nf. ,0 4Ј1*лл ЈјЗлЈ JjjUJI <jlz jjJJ <-«jüUI <3LLJ! J^U>. j 

w Quit J " 3 

İ l 

I 

I 

h 

Cap — ■ 



CVS 


г 


LL J 

TR 


oJ t> 


u# 


* ^ј^-ооЈ ) 0j5ıd 


V C OUp JjjUJI Jbijj fjj ♦ 

j^s j jjJI <3lL J ;lk.U «»fJU fejtfS*' j а_лз o^mü jt ^Jl ^јјЈ! 

• <> Cap J! oJufc 

JjjUJI (JLİC- JJQJ Д £ÜSj! ^ Jailuu ^ <jjj Cili I* JlpsILwÜ ^ 

* oJLC- <ЗјЈл*ЈЈ J L&jj^ jjjIj Ca>3 dUi J 

1- Single action steam hammer or double action jU^JÇ 

2- Diesel hammer ЈјјјЈС 
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jdU <UjXİI <u,UL. iy> <C.'Wi..ıJI öUJI ^Lü jjJI öU> ' 0 fü jjT lm jljjjU 


• Input energy — и * J\ * 

• output energy = R u lt * 


7 


For equilibrium. 

Input energy = Output energy 


• • 


W*h*y=Ruii*(S+p 


Where : 


Hiley Formula 


1 — W — weight of hammer ( kN ) iaSLJl <3>Wll yjj 
W — 80 % of pile weight. ( О.Т^ т рШ ) 

W — 80 7. (J .1 .ä t ) 


2— Rult = Ult. soil reaction on pile during driving . 
Rult — Ultimate pile capacity (Q u ^) ( Unknown ) 
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3 -rt= Efficient driving height (m) 

. J itili 


• Һ=Н*К 


I 

ı 


k 

ч 


Correction Factor 


V 

true height of hummer 

*ü>jJLv<dJ ^ äpJI Üjj c I 



к 


r 

T 


00 

0.00 

0.80 


• double hammer action 

• diesei hammer action 


Single 

action 

hammer 


drop hammer 


4 - 7 - 


Driving efficiency j^ı «»k»£ 
given 

Frorn chart 


Where : 


в — Rebound nurnber. 

JjüaJI (j-e Јлс~> j O Cj V 



(6) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи n/lntinn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Fage ЈУо. 62 


* to get G ( Rebound number ) 


Double hammer 

single action 
diesel hamm. 
drop hamm. 

Cajp J! 

jjjUJI 




Conc. 




Steel 




Tirrvper 


IF is not given 


taken = 0.60 — - 0.80 


5— S — Permanent settlement of pile by punching hm) 

• given 



soil 


1 

?L 


soil 


> 

/ 

punching 


(Jj j j l *JJ (, iJİaJI I jJ ! Jaj J&J I A. 9 

JjJI £. AjjSU JjjUJI JİJ2İ.I ^е. giUJI 
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6— С= Tem/porary settlement of pile (m) 

by compressibility defromations in cap , pile and soil 


JgLcw^l (j jj I JJ jjL>JI -L?^sjeJ) 

SOİl Ј1 -Lylx^gul <İUöVU piie Jt ^ul»> 


cap deformation 


soil 
deformation y 



pile deformation 


soil 


• WTtere : £ = (C c -/- C p -/-C g ) 


• C c — Cap deformation (m) From chart 


Quıt~ 

pile 



C.P. Т J S.P. T J» <> 

Ј)Јј1»Ј1 fe l* Ч -Vİ ı ıl* — A 
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deformation in pile (m) From chart 




Rt\A ile 

R.C 



deformation in soil (m) From chart 



R a \A 
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• • 



1 .50 For rock 

2. 0 — — 3. 0 For sand 

For gravel 


Qall - 


R 


ult 


F.O.S. 


Where : F. O.S.= — 


( % C) aJjLc^JI 6 f Јл>. V 


plasticity (R.C.- Soil)^\ <jJo£l»o CjJj-JI-U^juJI 
elasticity <ЛјЈ ^>-1 l-U^JI 



♦ 


Limitations of ( Driving Forrrıvilci) . 

\ 4Jüj d-l o Jlä ^IJl^IUqİ Jl>> 

. ( JaJj - (J-oj ) <5 L>ULo j .xJ I <jj2İI JaAİ — ^ 

♦ (only For driven pile) oAiıJl Јјј 1^>ЈЈ -Lali - T 

J (Ј-олј oj jls (Jl 3 115” LajJx. jLclIc. VI j V ~ ^ 

• a,. \\ n I jLo ^ I «üjLcuJL» §f C.P. T. • S.P. T • CjIjLlI»>VL> OjUL 

. чјхЈЛ j <ј$1дј «Lai 3 ^ J ( ј51Ј j Q dH ^ <l<li 3 ^JU. L&i* jn.c.1 — i 
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(0) (J-olXwO (^— t) 


1ј5 

Jji j 

OJ». *. IjJo4 

jjJI Aiäf jjjUJI oij »LL>* 

& 

jjjUJI 

♦>ö 


dolly öjL»^ «ı>li helmet -f 

дгееп heart 1 <> 





— • I ♦ 


.,ro 

jÜL^J К \ öjLy^J LJ 1 J __ 

• 





J*oJ JfjLu) 

.,0 


JjjÜJI ^Лс. o^Ll* JjJI _ 



• Jaİ9 ojLw»^ 


.,0 

•»0 

driving cap jj Ј^у.ј^ -f 
jf dLiMt^LJI q* dolly o^L^j ji 


jw* green heart < 
* o - *!) 

M « f • 

tjjjla- 

•)Г 


OjLhriJ |> l< \*>» 1 >*) 1 £w0 — O 

* u->b (>L& j 


.,0 


JjjUJI ^Лс. oj-^Llo jjJI - ->» 



« öjLwJ^ ı» ^JbsJUrfÜ 



.,ro 

* J^jUJI (JLİC- JjJI 

M ♦ 1 • 

1 

A » 

{&+*>• 
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^ JL y g *)0 Г г T,0 V*)* r,0 £)• 


__ + Јјј^Л ojj 

ЈУ ojj 

(V-&) ota^ 



jJSJl (JjJ >1 >l» 



kN/rn 
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(м -i) (*Л> 



D 

jjJI л*» - IcN/m 

a 


or- i) r*J 



D 

ıfi&ill jjJI JUM. = kN/rn 

a 
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јЈУнло- JjjUJU uSjxJ 1 Jalfc^ü g 


0Г-£) r®J Ј^ 



a 


0 ı-ı) г^ј Јј^ 



r Л <\ \r \0 M Y) 


р 

tfKJI JjJI лж» - —^Ј— IcN/m 

A 
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Example. 


A dynamic load test was conducted on a driven R.C pile of 
Length 1 2.0 m and diarneter 0.40 m that is constructed in 
a sandy deposit . Double action hammer was used of total 
Weight 30 kN with total dropping height of 3.0 m . The 
Rebound nurnber of hammer is 0.5 and the weight of 
Used cap is 8.0 kN . The recorded pile temporary and 

Permenant settlements were З.Отт and 28 mm respectivly. 
Calculate the allowable pile capacity using Hiley's Formula. 


Solutiorı. 


Given. 

• L pn e — / 2 m > d = 0.4 m ( Driven ) 


• Soil type is sand. 

* Hammer type is 


* Hammer type is action 



^hammer = 30 kN 

• H= 3.0 m Jeji-JI 

• e = Rehourıd nurnber = 0.50 


^hammer - 30 kN 


• W =8 kN 

cap 


• S = permenant sett. = 28 mm 

• C = temporary sett. = 3 mm 
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From Hileys Formula. 

Where. 1Y=30kN 

Һ = H * K =3m * 1 .0 = 3. Om 

For double 'action hammer 
For From chart at G = 0.50 



P= W., + W 

pıle c ap 

P= A*L*Ü C + w 

cap 

Р = К ( 0.4) 2 * 12*25+8.0 

4 


P = 45.7 kN 

P 45.7 

30 

P 


• • 


W h ammer 

at G = 0.50 f 


= 1.52 


= 1.52 


W 

. „ _ 30*3 * 0.55 

ult (28mm+3/2)*10 



У = 0.55 


-з 


= 1678 kN 



f\ult 

F.O.S. ~~ — - (£. 0 — — 3.0) For Sandy soil 


1678 

3.0 


= 559.33 kN 
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Methods of pile capacity deterrrıination. 
4-Pile load test Ј^з 


A 

<-JL 


Lido oJ uİüj jftlb Jxl»o Oj J lS JüJləo јЛ jLo>>V) İJut q*o <_ 9 JLftJI ♦ 

<J j бД> j <> ü-^J ) J- 9 ^ 

* ı^jub&JI JJL»I <JUlcJ • jjjjfjJsUt 

• Jl <__> ^1 ј£Л**>1ј (Јј-олј jajL> jLlü.V! ♦ 


♦ ( J-elx. ЈЛ^) çJtjo JLc JjjUJl j~&\ </L>. Ј 4 -ог>ЛЈ 1 JIoj ^Lp. 

(^juuJI Јл>. «ulfr ıJj -м») J-elx. JjjU* J^ix jLSäkVI J-*x (J^lSü) ^ла * 
00 — *- ISO /o ıj^ j ^**д 5 Ј 1 JxaäjJL J-*eS V JUJf öjlx j 

* (3 j j 1 <JU>oj <—9 Јл* ^јЈ I ^J 5 J I J-«l>J I 

Ј-О^. 

I 


d 



r 










L 


— — 

— 

— 

■ — 


I 

L 




d 



(Л 0 -Л 5 Q all ) 


aJLoLc. 


\ 


J-»Lc. jAt J^jU- 


Jjjü». Y** JS' ^ ^ «a^Ij *Чј^Ј1 J-«x. ^јј jUü.VI IJla (jJ * 


• j Lü> I o jSls ♦ 


J> ИЈ 1 .1 «рЈ I u*>Lx3 j <Xoj>o (_Ј ^лх) ^jJI Јл>Ј1 Jj-e <JUUJU Jjj UJ I Jj-oaj 

( p - A relation ) 

where P = load (ton) 

Д - />г£е settlement (m) 

• Je^jLftJJ j J«a>JI o^ljiL) Cj I J İJLc. j* I J ləsILwo I ^јо £u>. $ 
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J*»j jjISİİ» JLo^VI 

^ј1м)ј> ^Jb 
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tilli ,bsf (>3 j <јј-ој ojii tilji) jjjUJl <^JL jj$j Ј-**. JS” bil Jsu>.V $ 

* (јл&хзј o^ljj ј^Дз 

<ЛХ«јЈ I CjIjJLSÜ! JLCO I öjL |AJJ 


AjİojJI ajuJI 

(jjjUJI ,> ■/) J^JI 

« Lc - U-J \ 

25 % 

4xlw \ 

25 ^ 50 % 

4 xLü \ 

50 ~ - 75 % 

üUL Г 

75 — /00 % 

oUlw r 

/25 % 

\r 

/50 % 


unloading ^ (l 50 %) <jJl J^^ll jlcj * 

<x.L-» -^) jsl <ji*j Ciljii (>9 (jSJ j Iaj^Lj <_>^ЈЫ (Ј*лЛлл JLo>.VI јЈ ji £lp* 



Loading - unloading increment with time. 
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* How to get the pile capacity From results of pile load test 


P 9 Д ıs* ♦ 


P 

Load, ( kN ) 


A 

pile (mm) 
settlemerıt 



I>Jl »jLuu öj J l 3 uLtf> ^ 
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ЈО > 


CL-Mod/ified chirı method. 



How to get pile capacity From 
the results of pile load test 

A A 

ojJebJI — 9 A | * 

• l xoSLofao LL&>. aİ^JLcJ! j 

a 9 b cwijDi * 


• • 



O-Brinch hansen method. 



-J-g- assume A = A / &Re—check 


®iFQ i< l r ' — a ssume A — <^A/ & Re—check 


ox » j ^ 


* 



if e,= 


(Јј-олјЈ i (jLjülji Ç 5 A 

Qc/tt Jl J 

: trials Jl <> 

@ • a ssume A -A/ 

öj^MiLbo Jl ö- 

• fliet Q / = /V' 

• assume A =2 A/ 

• 9 et Qp = SS 

- Q > - Q -Q 

* * **ГЛ* — ^“2 


0.9 
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Lateral caşpacity of single pile. 


•o j5±}\ 


Force From 
wind or 
seismic 


н 


qa o dJU* q\S 131 * 
Vertical Force Pj 
Horizontal Force H 

• cju o »o (ff\) W JİLJ ' Jjj j I j->J I JJL£- (jlİ 

p 

Tlı — =■ number of piles to resist P only. 

Qall 

Yl2 — H — rııtmber o/ piies to resist H only . 

H all 

I— П/ 

Л İVo. o/ pifes — — or jjS'VI 

^п 2 



Whete : Н тГ Ultimate horizontal Force that can be 

carried by single pile . 

H Allowable horizontal Force that can be 
all 

carried by single pile . 
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Factors affect the horizontal pile capacity. 


1 - Horizontal subgrade reaction. 


JUküJU JjjUJI J-o*o öjJl 5 ЈојЗЗ * 

<jjSJI 

4jjüL>JI JjjUJI <S^>J JjjUJI 

(passwe resistance) 4 ^ 1 

o* <јј^-И (J-co ^ј) <-e^LL# Jlei j Ис 

Lateral springs JüU 


H 


p 

I 

b = HL. 

( 

/ 

/ 

-y^iKj 

' 1 V 

/ 

/ 

/ 

' 

Ä5 


displcement 



springs JS' ^ JxJLlI jj ^ Јллј j * 
ÜT^^UJI <?>di j-^ j j J - 0 ^- 0 j^u*. <># 


% — horizontal subgrade reaction. 

horizontal stress per unit horizontal displacement. 

к һ = t/m (kN/rn) 

Oh 

O^Lcü LaS^ JjjUJl J^io J-olS^ CwtS <jf ^ЛЈ Kfo ol з ♦ 

* J>^ J-*l^ сДс- ( ЈллЈ! Jw* ЛУ%)јлһ2* ot 


• /F Кһ is с onstant — ► К 1 — — Üf 5 — 

• ZF Kfr is variable — ► <f 


H 



Кһ variable 
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Constant Кһ 


JjjUJI ј <jjüJ I jjjSÜj Lodic- dili jl>o $ 



: \S 1- л м» до j 

constant 
kN/rn 

Where : • d — piie width or diameter. 

• C u — undrained shear strength. — - 



Variable Кһ 

• ^ j UJ 1 ЧјјјЈЈ L«Jll£ dUj u > to J ifi 

Sand or normaly loaded clay 

increases with Z 

kN/rn 

Where : • c£ =• pile width or diameter . 

• Z = depth From G.S. 

• 71 — Constant F soil type ) . 

t/m (kN/rn) 
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isa 


For N.L. C lay. 


Чип (Kp a) 

25 

50 

100 

T\j ( JhN/m f) 

600 

1600 

3700 


For Sand. 




density 


' D r % 

35 

65 

85 

100 

П {kN/rr?) 

4300 

12300 

18000 

22200 


♦ t 


or 


G. W. T • Ji«»l Z jUx-VI JS' <jf £-• 

<^JI JjJljJI qX 'YXj <-алЗ < j^ıİi>o t_Jj>o 4 ujLjJI <jjjJ I <JL>» (jıi 


For Z under G. W. T . m sand . 
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2-Pİle type. ( From buckling behavior point of view) 


<> JjjliJI fj> (A H a ıı «Ј -iS з * 

: Lojk j ^LcjjVI iSjLı 


(a) Short (rigid) pile. 


( rigid } Јј^ јј jjjU. ^ј» 

j ujJl». 131 ^JllJL j 

H 'v tj 
^ Пии 

jLufcil < dJL»0 

• «/ • V и w 




(b)Long ( Flexible ) pile. 


Ј^* J JA> Ј* ıS.jj'-»- >» 

(Flexible) <*~uç 

H \ u 

п ™ 



LorbÇf ој^ JULc-3 (jüJ I ^јј I j->J I |«vi<> c«o LJLfr j ♦ 

H m For long pile v'— ^ ^ ,Ä^ 
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3 — Pile eYid condition. ( pile head condition) 


• (jg&JSL Jl Л»Л Д}*\3 < jm j Jjj' hJI üjjüü <-СлдЈо ЛлхсЗ 


all 


(<X) Free(head) pile. 


Free 


pile cap j чзАо UuS ^ jı)\ cfejl^JI j • 

. jjbJI £x~» Ј 1 л 

<>o 4^^111 öJlä <jf Ja^^Jb J • 

M 0 бД» 

rr • CajujoJ I aJLC- t-JLU*JÜ <S\»JU IjBlLJjLS 

Г| *• • I ♦ • • «/ • 

м о — 



(5) Fixed {head) pile. 


H > 



^ Fixed 


4 jujL» 1 д 1 а 5 <jjJI <j^ j • 

ы v piie cap 

HL. Force J <Ан£Ј 1 ^ 

H 
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Calculations of lat er al capacity. 


OFLong ( Flexible ) pile. 


(d) In case Fixed he ad pile. 


use the Following table 



IF Кһ is constant 

IF Кһ 'is variable 

From 

Ornax 

г Hu 

Оша L a *K h * d 

_ 0.88* H u *t 3 

Omax E *I 

From 

^тах 

м - Hu * L ° 

^тах g 

^max = 0' 85 * H u * t 


Where : 


• H u = Ultimate lateral capacity of pile ( kN ) 

• Кһ= Horizontal subgrade reaction ( kN/m 3 ) 

• d = Pile diameter or width (m) 

• E = Concrete modulus of elxısticity of pile 


7 (kN/m 2 ) 


= 2*10 

I = Inertia of pile section ( rn) 

= sL 4 

12 

= П d 4 


For square pile. 


64 


For cırcular pile. 
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• L q = Equivalent buckling length of pile (m) 
in case of Kjı is constant 


4 

, 

L 0 =\ 

4 El 


1 K h *d 


• t — Equivalent buckling length of pile (јп) 
in case of Kjı is variable. 


t = i 

5 / E I 



/ n - 

constant in Ku = ^ 


d 


• 5 - Maximum horizontal displacement of pile (m) 

7YICLX 



— Maximum moment that can be carried 


max 


by the R.C pile section ( bending capadty) ( kN.m ) 


( given ) J Кһ bi b ^ 

ТТ q\gS) j>ULJI .y^iLUL LbjjLuo ^ given CıjlS' 131 O <-ојЛ> — У 

j JjLLJ! jjjjUJU j given Cx»\£ 131 M <-e^L — Ү - * 

u max 


L 1 H U J\ d^b «LjLäoJ! j 
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(b) In case of Free head pile. 


Subjected to c onstant moment — м 0 
use the Following table 



IF Кһ constant 

IF Кһ variable 

From 

8 max 

« >2 Hu ZMo 

г 2.4H u t 3 1-55 M o t Z 

Ота^ L 0 K h d L z K h d 

O max El + El 

From 

^ггшх 

1 — 0.32 H U L 0 + 0.64 M 0 
M ~ uS 1 La.fc.if 

max 

L M 0 =H U L 0 

p 0.77 ( H u *t+M 0 ) 

M - ■ Lutjl 

±гл тах 

^Iq ~ Ну^ ♦ t 


M 


max j 


5 


max 




* Jjlmj L& JiW! «uUıl! ^ JjUuJ! j^HII <> JJ U j 
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• cı> [ јһ^ ^JLo 


H. 


max 


— H u «übL-JI ziyili iy> — ^ 


but H all = 


H 


u 


F.O.S 


gxven 


(3jSİ *n»» ^*ı>5x <д Лм» ^dxLu (jt чј LmJ I jiü I (j-o < j£lcü — V 

M^rıax ^ ^тах ЈЛг> ° ^ ^ ^тах ^гс 


M 


max 


pile 


M u of pile R.C section 
A s * F y * ( d—5cm *0.82 

Cover 




Per pile 


M max ^ Alxı 
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Example. 


Consider a bored pile 1.0 m diameter and 25.0 m long is 
embedded fully in granular soil. assuming that the horiz. 
sub-grade reaction is constant and equals to 12000 kN/rn 
and the maximum displacement at the top of the pile is 
8.0 mm determine the allowable lateral load and also the 
maximum moment per that pile , assuming the Fixed end 
moment of pile M Q is equal to lOOkN.m and F.O.S. =■ 2.0 

flegMİred 1-H all -?? 2-М тдх = ?? 


Solution. 


* Given: 


Free head pile 
d= 1.0 m 
L = 25 rn 


Cap^i jujiäjı ytjS'i (j ^ 


K h = 12000 kN/rn 3 constant 

S Til ax 8*10 m 

M 0 = 100 kN.m. 

F.O.S. =2.00 


* For the case of Free head pile & к һ is constant. 

2 Hu Ma 


° ma * L 0 K h d + L* a K h d 






max 


0.32 H U L 0 + 0.64 М 0 
M 0 =H u L o 


üSİ 

•• 
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Where : L a = '/ 4 ^ ^ 

° u K h *d 


• assume E = 2 * 10 kN/rrı 

I = ^ c = İZ 1 9 — 0.049 m f 

64 64 




4*2 * 10 5 * 7 * 0.049 
12000 * 1 .Om 


— 4.25 m 


-з 


• • 8hi//v“ 8*10 — 


2 * H 


u 


2 * 100 


— -f 

4.25 * 12000 * 1.0 4.25"* 12000 * 1 


Л Hu =1 80.47 kN 


• w _ Hu 
" n all~ F.O.S. 


180.47 

2.0 


= 90.23 kN 


М тш= 


0.32* 180 * 4.25-Һ0.64* 100 — 308.8 kN.m. 
Hu Мо 

JJuTf Lüiüf 

M 0 =100 kN.m. 


• m 


Mmax — 308.8 kN.m. 


İ> M u of pile 
R.C. section 
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Design Of Pile Caps. 


c>L»U 


a \* ao 


Rigid 
pile c ap 



( Pile Cap ) jjjUJI oU 
<>Lc- Cj$3jA jj5s J JjAfJI J-OAJ Jl)\ eJLC-ÜÜI 
Piles Jl ^Лс- Чхјј j 3 j J^xlcJİ Јл>. Jij Lfelİb-ta j j 


Bases of design of pile cap . 

j I | C)LtLk jtACüjdJ jLlfc AJw)Lm) VI ıi£> 

: ojSUl 

• ( Normal Force) ^yoxJ\ gjj3 ^ 


• • 


Load on pile — 


Total load 
No. of piles 


{ jli Lo oLc- Ij^o u»o dJJ j ^S»üJ j 

Rigid ö&oW рМе capJ\ ^ j\-\ 

U» ојл£ pile cap Jl «uUo ^1 <> dU3 ^ 


For bending Rigidity 



^Јж>ЈЈ (jjLuoLaJI ^j joJI (jLdJaJ 


^jLoiJI gjjill Lu»lie piie cap Jl Ji-»l Јј)1,рЈ 1 j^5ü ^1 _ү 
jj^fJI j^o j-o j 151« VI jjlL <jjLaLo oIİLm ^к. J^U. iy> jIäjj dUi j 

O -i 


o 

L«— #- 






o 


Qİ 
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Arrangment of piles. «јјЗјЗ 


: oJuJ g 4 -jujjj 


/- Totai number of pile (71). 

2- Spacing between piles (S). 

3- Final shape of pile cap. 

4- Load components. 


Spacing. 




S . 

mvn 

= 3 * d 

For Friction pile. 

— 2.5 * d 

For end bearing pile. 

= 2 * d 

For pile rested on rock. 

s 

max 

= 6 * d 


where : 0 1 = pile diameter or width 


pile 



cap Jl ^ЈЈј ^ U LJlx 

min 


fjb* cÄ 



^l5lo VI j JÜb Ојл£^о Cl> li ој^ j 


Edge distance.(B) 
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<Jd j&Jbo 


: I oLc.1 y> um pile cap Jl Ji—I <£,y^ 

C.G. of All piles = C.G. of pile cap — C.G. of loads 

«Aic. pile cap Jl <j£jl>>JI £y> b£i t/l 

*(^jl>>JI & Lc- fjj-c- Ј«а£3 jls eccentricity «jLaJaJ j 


Samples of pile arrangment. 
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N=5 




N= 7 


N=8 




JUoÄ-e jaL <л 5Ј j 


or 





J*»JJ ^LuJI gjjlJI (jLc^xl J*aiu 


N= 9 
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Design of pile caps subjected to normal Force only . 


Steps of Design. Jl 

1 — Calculate number of piles. 



flfı 1 1 / 1 t f 1 e. Oıj ıjj / 5 7o 

U3^i r ajJI J pile cap Jl ^ 



P = V- 

\ 


Qa 11=^ 

d = v^ 


2 — a ssume S . — 3* d 


гпгп 


and make a suitable piles arrang ement. 


3—From pile arrang ement get the dimensions of pile cap. 


Exam/ple. 

L=2S+2e 

B=s+2e 



4— Calculate ultimate limits reaction on pile . 



ı ? x>jj£ÜI »Дхо j&LaaJI JüxJI Q^pHes 
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5 - Critical sections For moments. 

• (jjlAşJ! ly> SiS, ^јјхЈЈ ç^pJI gUoUI 



ф 


£ 


Zi 


at Sec.(l-l) 


JjjUJI Јлз jj JS” <— 

Sec.(,1-1) o* C.G.^^ 


at Sec.(2-2) 


Sec.(2— 2) o* C.G. <j* Јк$3^^ v^ 3 J* 0 ^ &**** 



ө 

© 

i — 

i 

ө 

/'N 

/N 



1 + ) 

( + ) 

i 

1 + ) 

ч_/ 

ч_/ 

1 



т 

<-z- 


-® 


. ,7 г 1 \ l Mü1 H -r\l Mm 

..a,- с,ү 5 > а г - с,ү ^ L 

Ву taking C f ^5.0 -?-> du dz 
Take d is the Ыддег value of di 9 di 2 
Check 


dimin = 2 $ İP is the pile diameter 


if d< d 


Take 


mvn 


► d — dmin 


6— Check shear. 

• (jJİfcsJI ly> J^eıfJI ly> d <İL** Sac (J^Sj 0*11) gUalll 



J^jUJl JfJ Jj v J* öU* £>•»«# 
J I > - Јак) I OJU. <£*£ I jJ I fjj j I i jJsJ I JJlC fjJ 

Example. ^ n r% 

— Qsuı=Qu* 

Qsu 2 — Qu* 
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Calculate Actual shear stresses. 


a Qsuı 


a Qsü2 

su '~ d»B 


SU2 ~ d»L 


Calculate Allowable shear stresses. 


%сМ - ». 16 \jSf 


To check shear. 


IF 

Qsut 

< 

^ } Sail 


%u 2 

< 

^ Sail 

IF 

^SUl 

> 

^ Sail 


OR 



0-SU2 

> 

^ Sail 



Shear 


— UnSafe Shear 
Increase di 
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• <*oIa Cj l İ q^^İLo 


• (јл1П <j* £>>J1 јЛЈоЗЈ! ^Јоз 131 

Shear J-cLc2*rt ^Lİl (Jjjl^iJl <jj -5 <j-o Ajurfi 3>.f (jSxuJ! (j-o 

. UK ^ J j critical sec . Ј1 лл. 




Example. 


shear л 0> s <> jujji ,>ji «u 

^Ј! JU-'JI JjioJI (j-o Ajuoi^ c. 

70% 



Г' 




Ч ✓ 


? 7 1 

ло 

Ј 



* (Ј^ј 1 j->J 1 «-Ali» (jÄİll <^A ^јлЈ! fLLUl 131 — T 


Q Su =Zero 


O 

”1 

ı ) l.ı 
ч -' çi ч -' 

No need to check shear 







o 

( ) 1 } 
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7—Сһеск Punching. 

-Ua-b Ј$ ly, ft J I < \ f« 1 ^ Л £* 

м 




^Ј! jUaill JUj £& Jj ^Lll t^jl^JI JlxJI 2 QlJpile 

Calculate Actual punching stress. 



perimeter- 



Calculate Allowable punching stresses. 


£ 

N/rrvm 



a 



IF 



Take 

1 ғ 

(0.5+ 1.0 

%o u- 0.316 \j ™ 

W 


N/mm 


To Check Punching. 


1 Чр K Урси 


IF q p > q Peu 


Saf e Punching 

UnSafe Punching 
Increase d 
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8 - 


t = d + Cover 


Cover= ( 100 — ► 150 mm 


9— Calculation of RFT. 



SI (Total) = 


M 


uı 


J * Fy * di 


_ S mm / B 


A sz (Total) = Миг — - = 'Z mrrİ/L 

J * Fy * a 


A S1 _ SI (Total) _ 


B 


2 

sf mm /m <J- 


-jXJL 


jSJIj 




_ A S2 (Total) _ mm m 


check 


where: 
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Notes on Drawing Reinforcement For Piles and Caps. 


tjJx' C^Ua>»^jLo 


( Ч ) dotted & -) 


V X 


J^OlcJ! tİ^Uo dUj j Jİ «-L*» JS' OjJX^tf jjUwO JxlC- СЈАО _Y 


ч , 


J 

1 


A-jjjjJU. (jjSi» СјЫ5Ј1 j j^clcJI Jle qiİ**ü — V* 

pitch JÇ> / 5 cm 


Shallow Foundation Ј1 «JU US' -obS'-t 

piie capJI Jİ-»l(P.C.) ajjU ^ -0 

' )0 < — jl>> ljbJuL>ö ^шо 




15 cm 
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Example 


It is required to design an isolated pile cap to 

support a colurnn 40* 1 1 0) cm. carries ultimate limit 

axial load of 5000 kN , if the pile capacity is 800 kN 

and its diameter is 500 mm 

(F cu = 30 N/mm 2 , F y = 360 N/mm 2 ), 

and draw details of RFT ', to scale 1:50 


Ş _ O frufrion. Data given: 

Colurnn dimensions ( 400 * 1 1 00) mm 
J (working) _ 5000 kN Q pUe =800 kN фрИе =500 mm 
F C ı =30 N/mm 2 Fy =360 N/mm 2 


П рШз = 1 ~ * 0 q° QQ = 7.18 8.0piles 

Л Qu/pile = 1-50* 5000 = 937.5 kN 

8 

assume S=3*d — 3*0,5 — 1 ,50 m 


e= d = 0.50 m 
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Critical sections For moments. 


Sec. (/-/) 


M V1 =2*937.5 (1.3) 


+ 1*937.5(0.55) 
- 2953 kN/3.6m 


Sec. (2-2) 


M U2 = 3*937.5 (0.75) 


= 2109 kN/4.0m 


By taking 


Cr=5.0 


di = 5.0 



2953 * / 0 


e 



4.0 



0.5 


4.0 


30 * 3600 


— 826 mm 


c a 2 = б.о 



2109* 10 


e 


30 * 4000 


= 662 mm - 


- =826 mm 


But а т ы= 2 Ф = 2 * 500 = 1000 mm 


v c£<C d 


Take 


тгпгп 


► d = dmin = 1000 mm 
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Сһеск shear. 


Sec. (/-/) 

Qsui = 2*937.5 
= 1875 kN 


Ч suı = 


Q 


SUl 


d * B 



1875*10° 

1000*3600 


Sec. ( 2-2 ) 


Qsu 2 = Zero 



Ч 


Sail 


= 0.16 


Fcu — 


ö, 


= 0.16 


30 

1.5 


= 0.715 N/mm 


4suı < Ч 


• • 


SUl 

4sU2 Ч 


Sail 


Sail 
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Сһеск Punching. 


J5 iy, f< ) I ^у /Л ^ Jk£j ^ Ј Р- 

м 


0.5 


0.5 


Ф Ритһ — 1 -5 * Р Гп1 — Q 



Col 


Ujpile 


Q Рипсһ — 1.5 (5000)- 2*0.5 * 937.5 = 6562.5 kN 




Q 


Рипсһ 


6562.5 * / 0 ' 


* perimeter 1000 (2*1400 + 2*2100) 


— 0. 94 N/mm 


%ou = 0.316 (0.5+ f) \ 


= 0.3/e (0.5+ -fit.) \lf-^ =1.22 N/mm 


30 


• • 



Saf e Punching 
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d = 1000 mm 



RFT. 


V C/ = 5.0 — ► J= 0.826 


-4smin (mm/ni) •=■ 1 .5 * d = 1.5* 1000 = 1 500 mm 'm 


SI (Total) = 


2953*10 


0 . 826 * 360*1000 


z / 

= 9930 mm/3.6 


Äsı = = 2758 rn ™ > Азты 


8 ф 2 2/ ni 


S2 (Total) = 


2109 * 10 


0 . 826 * 360*1000 


2 , 

= 7092 mm 1 4.0 


A ** = 4ır = 1773 m ™ > As ™ 

4.0 


7<Д> 18/ni 
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Plan 
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Design of Pile Cap subjected to M ScP . 
Case of double variable moments. 


1—Calculate number of piles. 

n = ] C* p *(t+e x )d + e y ) 

pxles ЧаИ 


Where : 




2— Pile arrangement. 


e = d — ► 1.5 d 


S ,s:3*d 


rrwn 


Piles Л 


2—Check Normal Stresses. 

Calculate the max & min actual stresses. 


n \ 1.5*P , M y *x 

+ -j- 


max 


Mx* 'У 


max 


Z У* 


Qmi\P İle = 


1.5*P My*x 


max 


Mx* 'У 


max 


n 


z х* 


Z У* 


СдЗ^Ј! (J-aİj fjS У max > '^тах ö^° j # 

— dlc- Сл~л . J Утах 3 У max ^тах ^ ^ * 


max 


<JUk \j£ IaJjx- I У J\ j Cü max 

r JÜÜI JHJI “L Uju£. Jl)\ X J\ j J/ max Jülc- öj-« j 


Сһеск Q Q 

I max 


all 


Сһеск 


Q mm<t Zer ° 


OR 



IF Tension 


(5) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 

Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) 


Deep Foundations. 

Pag e No. 107 



Exarrvple. 








x 



x 


, at X , 


max 


Q : 

max 
atpile 1 


1.1 5 *P _j_ M y *X 


max 


п 


YiX\ 


А/дј ^ У SL 

+ — — >Q*u 


Ey 


г 


at y, 


max 


Q < 

max 
at pile 8 


1 . 1 5 ♦ P . My ♦ X M x ^ Утах SL Л 

+ — + — J> Ҹ а и 


n 


Y.x\ 


Ey; 


at X , 


max 


Q __ / .1 5 *P My* Жјпох M x * У 

^max~ — 

at pile 5 


П 




% Zero 

i 

all 


^Уг OrJ> T — IF Ten. 


'max 


Q * 

max 
at pile 4 


at У 

/ ı71 

1.1 5 *P My* ЗС М Х *У 


max 


n 


YiX\ 


2 


<t Zero 

ı 

all 


^Уг OrJ>T „IFTen. 


IF unsafe — ► Increase YlandRecheck 
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4—Calculate ultimate limits reaction on ea ch pile. 



Where: 


X = + Ve value in side 
X = — Ve value in side 
'У — +Ve value in side 
У = — Ve value in side 


of compression of My 
of compression of My 
of compression of Mx 
of compression of Mx 


5 — Critical 

6— Check 

7- Check 


sections For moments. - 
shear. 

Punching. 


0 Lc £wO JiNj Lj 
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• cı>Lto>» ^JLo 


* fjlc CjjJ I Utpo JuJjlLJI ^З (_J J^X- CjU JL>- Ш JüJüiLİl (JiS 5§C 

. 'jji.l öj-e CjULoiJI sjUI j . jJ «utT jjjUJI 1 Лл jLlIc-I 

Example. 

İaİjİİI <јЗ ujjjx- <j (/) 1*3 j JjjUJ! (jlS^ lil 

• ^ |®Ј ojLlLc .1 j*jLuo IjJ 


\~ğ\ 

0 

ш 

e y \ Ш 

Ш 

ı'o\ 

— newC.G. 

Ө 


j ^ — 71 — / ü^atJI Ji~*l ^jjI^kİI ( jJf - ^ JI jjlcJI ^ 

' actual ' 


C, G. uj^t j öjjdaJi jjji^Ji «u^ C. G. u^° ј ^ч> ^ - Y 


p 5Mi* 

- 

ZAi 

0 ZAi*Vi 

V JM« 


ј^ааЈ! C, G, G. G,'^i J/- * дЈј 



Jjjl^iJI <Xj^U»wO <^JLfc — V 


Mx= P * &y , My= P * Өх 


My > Mx ’ P * >i J* r - <*>*»-• 

jjjj I j->J I <j Јх JLap^^I ^јјР ^JİjLcwo olx-lj^ £w» übL*j lijSj LoS* j 

. . _ « J Г . \ЈГ . гү*. ^ Г 1/ Ol. 


-i 


Qfpile = 


/ 1 / § *р , / .6 * Л/у ♦ Л/{ 1.6* Mx * У 


new 


n 


Zoc 


2 


+ 


Zy 


Jjjlj^JI new C, G . -II cajjI^JI C. G. ^ ?/i > ^р* 
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Example. 


It is required to design an isolated pile cap to support a 
Colurrm (700 * 1 100 mm) with the given loads : 

N= 5000 kN 
M x = 500 kN.m 

My=600 kN.m 
Qall =800 kN 

pile 

Pile diameter= 50 cm 

(Ғ^ = 30 N/mm 2 , 360 N/mm 2 ). 


Solution. 


D _ My _ 600 _ 
x ~ P 5000 ~ 

c _ Mx _ 500 _ 
y ~ p ~ 5000 ~ 


0. 12 m 
0.10 m 


as sum e 

1.15* P 


n = 

pile 


Q 


all 


*0+e x ) (1 +e y) 


п = 

pile 


1. 1_5 * 5000 

800 


* (UO.12) (l+O.IO) = 8.85 



use 9 piles 
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* assume S = 3 d= 1 .50m 

e = d = 0.50m 

* Ү,х\=3*\1.5 2 ~\*2+3{0.0) 4.o 


= 13.5 m 


0.5 1.5 


1.5 0.5 




4.0 


0.5 


1.5 


l.i 


0.5 


Сһеск. Q„,„ r *Q 


тгп 


4.0 


Q -Qı 

H max — 4 7 


(?) 

(?) 

Ф 

Мх^ 


( 8 Ј 0 . 7 \Ш 

Р-У1.10 



Му-' 

(?) 

( 4 ) 

( 3 ) 


0.5 
1.5 


' I 


1.5 

I 

]0.5 


4.0 


__ 1 , 15 * 6000 i 600 * 1 »5 ı 500 * 1.5 __ ^ 

9 / 3.5 / 3.5 


Q max ^ QıH — 300 fciV 

Q min ~ ^.9 


Safe 


__ 1 , 15 * 5000 600 * 1*5 500 * 1*5 ^ 

9 / 3.5 / 3.5 

^ mm >ZerO ► Sa/e 
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* Ultimate loads on piles. 


O 1 . 5*5000 _ı_ 

Ч 1 и 9 + 

O 1 . 5*5000 _j_ 

Ч 2 и g + 

O — 1 . 5 * 5000 _t_ 
Ч 3и 9 + 

Cl 1 . 5*5000 _ı_ 

4 4ü 9 + 

O — 1 . 5 * 5000 _j_ 
Ч 5 и 9 + 

O — 1 . 5*500 _l_ 
Ч 6 и g + 

Q _ 1 . 5*500 _ 
Ч 7и 9 

П __ 1 . 5*500 _ 
*8u 9 

П — 1 . 5*500 __ 
Ч 9 и 9 




1.5*600*1.5 ı 1.5*500*1.5 
13J5 13J5 

1.5* 600 * 1 .5 ı Zero 
13.5 

1.5*600*1.5 1.5*500*1.5 


13.5 

Zero 

Zero 

Zero 

1.5* 600 * 1 .5 

ТзЛ 

1.5* 600 * 1 .5 
13.5 

1.5* 600 * 1 .5 
ТЗЈ5 


13.5 

1.5*500* 1.5 

13J5 

+ Zero 


I 1 .5* 500 * 1.5 
13J5 

I 1.5*500* 1.5 
13J5 

+ Zero 


ı 1.5* 500* 1.5 

ЛГВ 


— 1016 kN 

— 933 kN 
= 850 kN 
= 750 kN 
= 833 kN 
= 916 kN 
= 816 kN 
= 733 kN 
= 816 kN 
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Critical sections For moment. 



di = 5.0 


Ыг =5.0 



2660 * 10 
30 * 4000 


6 


= 744 


mm -ı 



2610 * 10 


6 


— 737 mm - 


- = 744 


mm 


30*4000 

But dmin=2 <ff> =2*500 = 1000 mm 


v ct<T d 


Take 


тгп 


► d — dmin — 1000 mm 
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Сһеск shear . 

Sec. U-4) 

shear o^Ul *+*> yt 

<J5 jlalll ^Jl JUlUI *3?JI J>^ <juuj 

I * 

<^\=RÄ =0.4 V-F 
0.5 



4.0 


I 1 — I 

0.3 j0.2 
I-0.5-I 


®0.7 j^H л ' 


ı.ıö 4)7 o^ 


1.2 


( 9 ) 


0 ^ 




4 u«.nJ I 


L 


4.0 


J 


0.5 

1 


[/O/3-/-333*35O]*0.4 = 1119.6 kN 

ö Qsu 

ч SUl — — 


d * B 


1119 6 * 10 ' =0.28 N/rnJ 


1000*4000 


f.5 


Sec. (fl-3) 




0.4 

0.5 


ö/ Qfi ^7 


4 JbujjJ I 



Qsu= \_1016+916 + 81б]*0?8 =2198 kN 

q Q 

4 su 2 = — 


4.0 


su 


d *B 


2198 * 103 =0.55 N/rnrJ 


1000*4000 


4sall = 0.16 \l-b =0. 


16 \l— = 0.715 N/mm 
1.5 


SUl 0 ? 

su 2 


Sail 


Q*, ra < q 


Sail 


>- 


Saf e Shear 
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Сһеск Punching 




_ Лг. > , /Ј-С. 
2 • 



Ф Рипсһ — 1 * ^ * ^Гп/ — Q 


Col 


Upile 



@5 

Ришһ “ 1.5 (5000) S33 


= 6667 kN 


<7 _ 

d 




Punch 


6667 * / 0 ' 


* pervmeter 1000 (2*2100+2*1700) 


— 0,877 N/mm 


Урси = 0.316 ( 0 . 5 + f) \j ^ 


= 0.316 ( 0 . 5 + -ffğ) \İJ~^ — 1.606 N/mm 


30 




• • 


Чр < Чр си 


Saf e Punching 
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d = 1000 mm 



RFT. 


V C/ = 5.0 — ► J= 0.826 


-4smin (mm/ni) •=■ 1 .5 * d = 1.5* 1000 = 1500тпт rri 


SI (Total) = 


2660*10 


0 . 826 * 360*1000 


z / 

= 8945 mm/4.0 


^sı = 8848 = 2236 mm > ^ Smin 
4.0 


6ф22/гп 


S2 (Total) = 


2610 * 10 


0 . 826 * 360*1000 


= 8777 mm/4.0 


Л 8777 „ 4П . 2 . А 

a S2 = — — — =2194 mm > ^ Smin 

4.0 


6#22/rn 
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RFT. 
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\ул\\\\ NW^W 


* Pile caps on property lines. jUJI jl>. 




P 2 

jLaJI JlsJ Ј_)ЛГ. <JU. (_fi 

Jj .<•■)! uLuiLff лј ** ujlLuJI j 

•• * I • 





jl>> ( jx- jüjco j j^xJI <jlS 131 <UU (jıS j ,( ^ 

JüİülL ^vcuaS V 2) oImuj jUJI 

Isolated Pile Cap 

IF D <1.25 ->1.50 m 
We cant use ısolated pile cap 


y 

y 

У 

У 

У 

У 

У 

У* 



(J 


o 




jUJI jl>> < jx- Ju £j jjxlcJI «jlS' 131 ji 

D> 1.25— >1.50 m <JLu^ 


ısolated cap s j ı I ^»J I 3 4 jj 3 * aJiu>I ^i*ix 4 ј 53 ^ 

• jUJI jl>> 


JL>>T j* I JLİsjLmj I jA <Jj>J 1 <_SLdtj*<JI оЗа J* (JlS 


GL-Strap bearn on piles. 

^iHJI JäJI Jwc J^Lo јЈјј |J <jl j 

Ö - Combined pile cap. 
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Strap beam on piles. 



^^£•13 ıji ЈУ>~° ji-t üäf X *лЈ1 ÖJ& ,jl-Ie_>^u |»Jäö-j3 

• ÖİJ 5* min y£ ЈЗз V 6jX)\ 


Combined Pile C ap. 




(6) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи n/lnti/tn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈМо. 120 




.jUJI л*Ј 4JUÖİUI1 Pile caps л ^ * 

Isolated pile caps or Combined pile c ap or caps of strap beam 

jUJI d*. jl^>o jy^o Jjl 6 * • 

0. 75 — ► /.25 m <> J& * jM 0*> j 

JjLJİ ^ ^4 <fc0.75 — ► /.25 m 

jUJJ JLİjd (jiLİ I AjuS'LcJI < u„m V с^ЈЈј j 
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Strap beam on piles. 



ЈЗјЗ j ( Pile caps ) Jl U J-S ju jZjn ,^sJI o ,^1* «julc-SM jS'jjS ♦ 

laJ c .,9 Jj 


* Steps. 

1 - Assume 6= (0.1 ^ 0.2) S 

2- Get Rı,Rz 



Rl 


Rz 


3—Calculate number of piles under each pile ca p. 


.15* Rı 

all/piles 

4—Arrangment of piles . 






/. /5* ife 

Q all/piles 




■ Pile cap jz с^. ^ js - jy 2 , ^ ^ ^ * 
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: <Л ^ £* UV/) о^ј (^Ј * 

( 0 . 75 — ► 1 .0 m o* Ј2> ^ jUJl ^ O-e- ^ајј <_а*> Jjt - 1 
Rı öli. oi t.'pile cap _u C. G. л u-is jjt jjgji^Ji <х. ^Qj>»o C. C. J ı — 


Cg jj-cliJI C.G.s* ^^ıc.c, оД> (ту^) ^ * 

j^t <jjj j (7V/)t> £0^ ју*~° i,# <iU»Ji ol <> јд>лЈ1 u^j * 

^rmn <> V (Л^)с^ c^jljp- 


5-Draw S.F.D Sc B.M.D 


using 

using 




6- Design strap beam. 

0- С ,\[Ш=- Таке C, = 4.5 
1 V Ғ си *Һ 

b<£ C = 40 —» 80 cm 

Сһеск shear For strap Beam. Use shear reinforcement. 


7 - Design of pile caps. 

(d) jLt ? j ıf*j cjULUİII ji.b 

• |*ä-wüJ | ^ Q Us > Mu ÖA** ■> о^* <>*. «Ј-Л 1 <_Aj ı> 

8- Details of Reinforcement. (see example) 
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Example. 


Design a suitable deep Foundation (pile caps) 
to support the shown tvuo columns. 


/ 

/ 




Given. 


m 

Ш 


Ш 


( 400*700 ) 


i 




S=6.0 m 


( [400*1000 ı) 


P 2 = 3700 kN 


• Qalı =750 kN 

pile 


• Ф — 500 mm 

pile 


• F cu = 25 N/rnrn • F y = 360 N/mrn 

Solution. гг 4 . u J. 

Try strap beam system 

Assume в = (0.1-»0.2)*6.0 Pl =2S °° kN 

ÇZ = 0.6 — ► 1.2 m 


P z =3700 kN 


6.0 m- 


Take 


в— 1 .Om 




з 


С1 


1.0 

m 


5.0 m- 


f 


cz 


Rı 


R z 


У Mj=Zero^ 2500* 6 — Rı*5— » | Д/ — 3000 kN j 




E İ'J, = Zero-+2500+ 3700 =R 2 + 3000 — ► B.2=3200kN 


м. _ 1 .1 5* 3000 _ j * 
750 “ 


İVo. o/ piies o/ рг£е cap Q) = Ni 

> taken \5 pile s\ 

No. of piles of pile cap (ğ) — İNfe 

> taken \5 pile s\ 


at 1.15 ♦ 3200 o 

750 
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Arrangement of piles ( piles Layout) 


For pile cap ф 


Г\ 

ч/ ' 


O 

O 


O 


^4=0. 75vı.- / 


2.75 

t 


O 


7V/ - 5 piles 

R f o&> сајјЫ- 5 JI C.G.öA 6 T 

Jj^oxJI (j-o Jlco <jJx. 

( х=е +0.35=1.35™) 4 ju^ ^ jt 

jl»JI d». tj-» ( 0,76 ► 1 ,25тп * .Д <İLum jlcj <^1^ Jjf ^^51» jl u^o • 

Take \A = 0 , 75 m 



Л X 1= 1 ,35-0,75=0,60 m C.G. Л 0* &3»> Jjf ^Х/ 


3 * 0.6 = * Д 2 

piles piles 


Хг= 0.9 m 


assuming S =S min = 3<ff>= 1.50m 

£ = <jfi = 0.50m 


Check 1= \Ја.5) г +(о.75) г = /.67m 


1-0 

Г O 

S Ј-ЗГН 
L(z£z:!J 2 0.75 

Ч.У 

0,9+0, 6=1,5 


o-» 

S* 


• • 


min 


<г<« 


max 


+ 0K 


For pile cap 


N 2 = 5 piles 

C. G. = C . C. For C olumu 


o o 
o 

o o 



2.50 
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Сһеск the validity of using Strap Beam. 



S=6.0 


X= 6.0 -0.75- 0.4- 1.50=3.35m 


.'. х > S.= 1.50 m — 

шгп 


We can use Strap Beam. 


Ultimate Loads. 

P 1V = 1.5* 2500= 3750 kN , Р ги = 1 .5*3700= 5550kN 
R w =1.5*3000= 4500 kN > R ги = 1 .5*3200= 4800 kN 



Qfu/pile — 4580 - 900 kN j 

Ə 



Q zu /Pile= 48 °° -960 kN 

O 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи ıı/Intintı \ 

Downloading or printing of these notes is allowed for personal use only. y 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 126 



Design of Strap Beam. 


P w =3750kN 


P 2U = 5550 kN 


\ 

-0 

r 

7- 

C 

\r 

i 4 



0.4\—1.5- 


п 


_l"i | r 0.7S- 

-0.75-, 



A 

3piles 

*900 

t 2pUes 

*900 1 

UJ A:# W 

2piles 

*960 

kN l 

g 

Ipile 

*960 

kN 


2piles 

*960 

kN 


3750 5550 



M 


max 


= 3075 kN.m 
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M — 3075 kN.m 


max 


Choose bbeam, ~ ^ 2 — 1000 mm 


By taking 


Cı =s 4.5 


, . _ i / 3075* /0® 

°Lr 4 - 5 * * V ZS. 1000 = ,578mm 


take | c?= /eoomm| t — /700 


mm 


Check Shear. 


Qg =■ 2670 kN j>«JI ул d\2 ,/i* 

critical 


%u = 


Q 


b* d 


2670 ' 10 =1.67 N/ m J 


1000*1600 


q cu = 0.24 \I-2Z. = 0.98 N/mm, 

7 • O 


0. 70 \l м. --2.se»/-,’ 


• • 



Use stirrups where using <ff) 10 Sc 4 branches 

0.98 4 * 113 * ( 360 / 1 . 15 ) 


1.668 - 


Get S = 120 mm 


1000* S 

Use 


901 0/rri 4 branches 
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R.F.T. 

Sbc ^ İJ £ тах (-Ve) — 3075 JcN.m. 


1600 =Cı \j 3075 * 106 

25* 1000 


+ Cı = 4.56 — >J= 0.81 8 




м 


3075 *10 


6 


2 


J F y di 


0.818* 360* 1600 


— 6526.3 mm 


Check üs 


тгп. 


= 6526.3 mm 


req. 

H'min. bd=i 0.225 a = (o. 225 *£FL)lOOO .1600 = 5000 

4 Fy ' v 360 ' 

As > & :.Take = - 6526.3 

req. reg. 


mm 


2 

mm 


18022 


S C Mmaxi+Ve) = 1290 kN.m. 


1600 = Cı ' 7 /г90 * /0 * 
M 


25* 1000 


+. Cı=7.04 ~^>J= 0.826 




1290 *10 


6 


2 


J F dL 0.826* 360 * 1600 
2/ 


= 271 1.3 mm 


Check A 


min. 


8 


req. 


=2711.3 mm 


^ min. Ö cL~ ( 0.225 *^^)bd^(o.225*^~) 1000*1600 = 5000 
V Fy J v 360 ' 


2 

mm 


•• Hw b d >As req _ Vşe^ ^s min . 


s 


mvn. 


= 0.225 * bd=( 0.225 1000*1600 e 6000 ~> LsVl 

. r » 3524. 7 -n 

-'-3 • 271 13 = 3524.7 3 C „f,, _ 2 

3524.7mm 


st. 360/520 b d = ^ * /000 * /ooo « 2400 


100 


100 


10&22 
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Design of pile caps. 


y. 


- 2. 75 


For Pile Cap (T) 


Q u /pile — 900 kN 


У 

l 

V 

"Ч 

1 

lf > çfa 


M rr = 900*0. 25m +900*1. Om ' 

u y 


= 1 125 kN.m/2.75m 

By taking 


Cf= 5.0 


■> J= 0.826 


y i 


, , Л 1/ 1125*10 e в „ п 

Ot — 5.0 1/ — — 639 mm 


25*2760 

take d — 650 mm Л | t _ 800 mm 


S (Total) — 


1125*10 


0.826*360 * 639 


= 5920 mm/2.75 


A s = = 2153 mrn> A Smin 6022/rri 

2. 7 o — 


Сһеск Shear. at d = 650 mm 

900 kN 


Qs 
Ч 


U 900 
Qs 


900 *10 


3 


2 


su 


b* d 


= 0.10 \1-%* =0. 


■Sail 

^SU < Ч 


2760*660 
16 


= 0.5 03 N/mm 


25 _ 


1.5 


= 0.653 N/mm 


Sail 



Shear 


J0.25 
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For Pile Cap (ğ) 


Qu/püe= 960 kN 

M v = 2*960*0. 80m 

= 1536 kN.m/2.5m 

Ву taking 



5.0 — ► J= 0.826 


, , . 1 , 1536* 10 e 

d=5 ‘° V 25*2500 = 784 mm 


take d— 800 mm 


t — 950 mm 


S (Total) — 


1536*10 


0 . 826 * 360*784 


— 6588 mm /2.50 


A s = -ŞİL = 2635 mrn > 4 Smin 7ф22/пх 


i 


Сһеск Shear. atd = 800 rrvm d= 0.80 


Qs = 2* 960 *ү = 960 kN 0 0 


> — ^ | > — ^ 


1 




Q 


s 


b*d 


960 *10° nAa „, 2 
— 0 . 48 N/rnrn 


2500*800 


İk 

I 


O 


O 


Q 


2.50 


^Sall - °- 16 \/т = 0.16 \\— = 0.653 N/rnrn 


1.5 


^su Ç 


Saii 
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'O — т*- 5Z - 0 — p 99 'E -\—09 ' l — -\~9Z ı 


Details of Reinforcement. 


O 


O 


o 

CO 


O 

jo_ 

CVİ 


o 

.°o. 


*o 

o 

nr 


ol 


Uo 


/"Ҝ 

-to- 


' — 

'g 

,И'\ 

to 

-r 

^ _ 



o 

to 


lilli 

Шт 



■ "{ — 1 — Ч 

IV 




1 v 


_}£ 


*C 

CSİ 
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2.70 



Rectangular Combined Pile Cap. 


* LftLygj ^ I ^>J I JÜLC- V_jLuO>» u, > ^Л 1о»о 



A — Deterrnine the position of (i?) 



|151о JJL90 Jiut LaS" 
JL^VI 4 JUfl»wo 


B—Calculate the required, No. of piles — 


1 .15* R 

Qall 


C —Arrangement of piles. 

— ? (^Ј ^ yf * 45jl!LJI o Jld 11.J yjjjl j ^>Ji Jllc- 

<ЈлАЈ ' \‘t Г. JUə>VI <itdM 4 ıılVl Jjjjl jjJI <£^4M C* C.) yf — 1 

(^4 <ÜL« jUJI «i». Jjt yt — Y 


Where A<[ 0.75 — ► /.25 m 


jUJI Јј«л»о CjljoS'Le öjjUI I .л!д.^у V dJL)3 j 
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• ■ -ДЈЈ JJ 4 İ 51) J JıX- , Ji^Lr* 


N= 8 piles 
<ffl) = 60 cm 

S = 1 -80m 



0.15 


So — 4. 0 m ' ı>» o°j ■'-*'-** ö* - \ 


'П 'col = 


4.0 

1.8 


— J2.22 — - 3. 0 Л бЈ1лх> VI jjl£- v — ı* * x>o — Г 



-V 


2.10 m — 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. /)лл П Ғпи n/Intinn \ 

Downloading or printing of these notes is allowed for personal use only. 

Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) Page ЈУо. 1 35 


Jbjj JlCo j j ı-L^ ji»f — Д 

İ? Jl <ј151« Jklc- C. (г. JJSu ULpo 4 jL9jXwo 

JjJflj 1.8 +X (jvLII j jy >~ <JI o*> аЈјх-Ј — Ч 

*clIj Jjjj ! js>J i C)l^>Luuo oL»>LwmJI iy> <Jib jSj* <_jLwo>. <Ј jLc-o 


X = 


Z ^4#г*^г 
Z 


ү = А#\з*о+а*иа+2(иы-х')\ =2 .10т 

8 * ^4 ^ 


Get \X=3.9QrrT\ 


J «JuaII iy> 3.90 тт <ј^ ^jbju ^ 

X ЈУ^ Ј^ <ji j 



:o.9 

0.9 


S max J S min öa (б, 8) ön (S) ö 1 <> - V 



\0.90 


S = 4.0 m =6.70 >Ş 

acr ^ r 


max 
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<iLoJI Jüjj aJLu^J jJJLäi < ^-o ^ фЈЈ&Ј ^JIüJIj j _ ^ ^ 

Pile 7( + - (7,fi) 

/to 


Pile 8( + 


1° 


3.90 m=r((),Q o£ Aoü^l <># jL*>\ З шах = 3.60 rrı j <j£J ^ 

«JjjJsJI олл çkü V Ш c JlJl jjSt Lc&Ij j3^JI ,л< ^ j 

| N=9 | Ш j o£ oLumJI ojljj 


2.10 = 


A #\_3*0 + 3*1 .8+3(1 .8+X)-\ 


9 * A 


<H> 


Get 70 m] 


S=2.70m> S . = 1.80 

^ тгп 



m 


< S m<*T 3 ’ 60rn — ф ф 


ок 


Use 



©— ө- 


U80 

J 


-2.70-^ 
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Design of Combined Pile Cap. 


Jjj j I ji>. ıfh, öJLC-U (jf çjLA*a$ Jllc- <ј\_9 bj јхЗ \uS ♦ 


ЈллЈ! J*a>o JS' <jl (jöjlij 


Uniform Load distribution on piles 


Q u /pUe= 


1 . 5 * Д 

7V 


Combined Jl oJl&HJI <Jl>. j. lc. ^jJJI li* j 


-ui ^ Combined Jl oj^üül ^ dJ± j * 

“/уЗј^уСуЗу / 0 ÖÜAİ-VI * јЛ^ЛА {j£, O dtfJ 

J£^JI (2, 5 > 7 > 9 } < 3 tJ ^ с&ј^ J 



* <JUJ 0 Jl* fjs J^JLt jjx- 4ј<з1сЈ1 4jj< I üLLt>Jlj ^jUJI <ЈаЈ 1 «oti «*H -^l 


sprvng 


Col 

load 
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<Jb^Xa 1_>Jj bili ^JbJb j 

Finite element öjjl^i ^ҺаЛ 

^ywJfc Sap Jl JjLo ^objj jjıi LclT 
Shells Jl <> <£,y, cl>«xJ ^U»^! 
Spring <jl PiieJI eij^j ^ 
JjjUJI C.G.J <JLIXJI /om* л ^ 

(K s ) Spring л e,L^ ^ j 
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